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Western bean cutworm (WBC), Striacosta albicosta is a major pest of corn in western 
Nebraska. In 1999, its range expanded into much of North America causing damage from 
Nebraska to Canada and Mexico. WBC periodically causes kernel damage as severe as 
15 bu/ac for one larva/plant. Control for WBC relies on Bt corn hybrids with Vip3A and 
Cry1F traits and insecticides. There has been a 5.2-fold decrease in efficacy of Cry1F for 
WBC. Concerns over management tactics may be creating space for conservation 
biological control to become part of a WBC integrated pest management (IPM) program. 
Objective 1, used an online survey to determine Nebraska stakeholder concerns, 
understanding, and practices for WBC IPM. Respondents self-reported significantly 
higher yield loss due to WBC in 2016 than in 2015 and 2014. Growers demonstrated low 
knowledge of WBC identification and management. There were frequent reports 
(58.45%) of Cry1F Bt corn providing decreased control against WBC. In objective 2, 
predator surveys for natural enemies of WBC indicated that four generalist predators 
were ubiquitous in Nebraska corn fields. Some species had population dynamics that 
were associated with the WBC population dynamics in corn. Lab-based feeding trials 
indicated that Coleomegilla maculata (De Geer) was a superior predator for WBC eggs 
and larvae. However, molecular gut content analysis of surveyed predators found in-field 
predation by multiple generalist predators but not C. maculata. By determining the needs 
iii 
 
of growers and the role of predators for WBC, conservation biological control may be 
incorporated into a WBC IPM program. 
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Chapter 1 : Review of Literature 
Western bean cutworm  
Biology and Ecology 
Hosts 
The western bean cutworm Striacosta albicosta (Smith) is a native North American pest. 
It is primarily a pest of field corn (Zea mays), and is also a common pest in dry beans 
(Phaseolus vulgaris) (Seymour et al. 2004, Michel et al. 2010). Additional hosts include 
teosinte (Zea mays L. ssp. parviglumis (Iltis & Doebley), tomato (Solanum lycopersicum 
L.), nightshade (S. nigrum L.), and ground cherry (Physalis L. spp). While survival is 
possible on these additional hosts, larval survival and development are relatively poor 
when compared to development on corn and dry beans (Blickenstaff & Jolley, 1982). An 
experiment by Blickenstaff & Jolley (1982) demonstrated that soybean could act as a 
natural host for the 1st and 2nd instar western bean cutworm larvae if they are sequentially 
transferred to field corn for the rest of its development. The low survival and 
development of S. albicosta larvae on alternate hosts has supported the hypothesis that 
the moth may have evolved as a pest of maize and dry beans (Blickenstaff & Jolley 1982, 
Michel et al. 2010).  
 Life Cycle 
Adults 
Western bean cutworm adults are about 2 cm in length and have the characteristic deltoid 
shape of family Noctuidae. The simplest characteristics for identification are wing 
coloration patterns. Distinguishing marks include a whitish stripe on the outer edge of the 
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wing; a small cream-colored circle in the center of the wing that is equidistant to the head 
and wing tip; and an arch shaped spot placed about 2/3 of the length of the wing (Michel 
et al. 2010).  
In Nebraska, adult moths will emerge from their pupae in mid- to late- June. Emergence 
will vary between geographic regions because emergence times are affected by soil type, 
and daily temperatures over a period of weeks and months starting in early spring 
(Seymour et al. 2004, Hanson et al. 2015).  Cumulative seasonal temperatures can be 
used to accurately predict emergence and moth flight, by assigning heat units to each day 
based on daily temperature thresholds and then creating a degree day model. According 
to a recent paper by Hanson et al. (2015), S. albicosta flight will be at about 5% after 
1,321°C degree days (2,377°F degree days) and peak flight will be around 1709°C degree 
days (3077°F degree days) if days are estimated from March 1st using a lower threshold 
of 3.3°C (37.94°F) and an upper threshold of 23.9°C (75.02°F). They are strong fliers and 
can travel long distances for mating (Konopka & McNeil 2015).  In 4-6 days after 
emergence females are sexually mature enough for mating (Konopka 2013). Female 
moths emit a pheromone that attracts the males for mating (Seymour et al. 2010). Moth 
flight will peak during mid to late July and usually ends in August (Michel et al 2010, 
Rice 2006, Dorhout & Rice 2008). 
Adults will begin mating and lay eggs in July or August. There is a lot of variation in the 
number of eggs that a female can lay in her lifetime. Females are polyandrous so they 
will mate with multiple males if fit males are present (Konopka & McNeil 2015). Female 
adults will primarily oviposit in pre-tassel corn in the late whorl stage or in dense canopy 
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foliage in dry beans (Seymour et al. 2004). Western bean cutworm is a univoltine pest 
(Michel et al. 2010). 
Eggs  
 In corn, western bean cutworm egg masses are usually laid on the top surface of leaves 
in or near the whorl of the plant (Seymour et al. 2004).  Whereas in dry beans, eggs are 
laid in the dense canopy foliage (Hoerner 1948, Blickenstaff 1983). A study by Douglas 
et al. (1957) found that in her lifetime a female can lay 84- 627 eggs with an average of 
321 in corn and dry beans.  A single egg mass will have 5-200 eggs with an average of 50 
(Seymour et al. 2004). Eggs are about 0.75 mm in diameter, with a dome shape divided 
by ridges. The eggs begin as a pearly white and after about 2 days turn cream colored. 
The eggs turn dark purple or black 24-48 hours prior to hatching. The entire process from 
oviposition to hatch takes 5-7 days (Douglass et al. 1957, Seymour et al. 2004).  
Larvae 
First instars will consume the remaining egg shells after hatching and then migrate up the 
plant to feed on the tassel or move into the leaf axil to consume pollen or fallen anthers 
(DiFonzo 2009, Paula-Moraes et al. 2012). Later, 3rd or 4th instar larvae will begin to feed 
on the corn by entering through the silk and eating the underdeveloped kernels on the tip 
or burrowing through the corn husk to feed on the kernels (Michel et al. 2010). Larvae 
from a single egg mass can infest several nearby plants in an area of 1.5 to 3.5 m 
(Seymour et al. 2010, Pannuti et al. 2016). Additionally, western bean cutworm larvae are 
not cannibalistic so more than one larva can infest a single ear of corn (Michel et al. 
2010). 
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Despite a lack of cannibalism, the majority of western bean cutworm larvae will not 
survive the 31 days it takes to develop into a 5th instar (Seymour et al. 2010, Paula-
Moraes 2012). Western bean cutworm 1st instar larvae are about 5mm long and have a 
black head and cream-colored body with brown stripes. Larvae are more robust by the 3rd 
or 4th instar with a length 13-38 mm with a distinguishing feature of two black rectangles 
or stripes behind an orange head (Michel et al. 2010). After about 31 days of feeding, 
surviving larvae will develop to the 5th instar. There can be a lot of variation in larval 
development; DiFonzo (2009) showed that after 28 days 1/3 of the sampled population 
had reached 6th instar. Antonelli (1974) showed that some larvae will even develop to a 
7th instar. A western bean cutworm larva can begin to pupate at either of these stages.  
Pupa 
After reaching 5th, 6th or 7th instar, the S. albicosta larva will drop off the plant to burrow 
into the soil. Borrowing depth is usually 12 to 25 cm (Seymour et al. 2004) with an 
average of 21.6 cm (Douglass et al. 1957). Burrowing depth is affected by soil texture. 
Larvae can burrow deeper in sandier soils resulting in greater protection from winter 
temperatures and tillage equipment (Michel et al. 2010). The larva will then form an 
earthen chamber with its salivary gland secretions and go into a pre-pupa stage for 
overwintering. In early summer, prior to emergence, it will pupate and complete 
development in time for emergence and mating (Michel et al. 2010).   
 Range and expansion  
Western bean cutworm was first described from a collection of moths in Arizona in 1887 
(Smith 1887, Dorhout and Rice 2008). It was also identified in various areas throughout 
North America. In 1915, 1920 and the 1940’s it was recorded as a pest of dry beans in 
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Colorado and Idaho (Hoerner 1948, Crumb 1956) and in 1954 as a pest of corn (Douglass 
et al. 1957). Crumb (1956) reported S. albicosta in Kansas, Utah, Alberta, Nebraska, New 
Mexico, Mexico, Iowa and Texas. While it has been present in these states, it has 
traditionally only reached economically damaging levels for corn and dry beans in 
Colorado, Nebraska, Kansas and southern Idaho (Hoerner 1948, Seymour et al. 2004, 
Miller et al. 2009). In more recent years, WBC populations have caused increasing 
damage in other parts of the United States, Mexico and Canada (Sánchez-Peña et al. 
2016). 
Since its identification in 1887, western bean cutworm range was predominantly 
contained west of the Missouri river. However, in 1999, western bean cutworm began a 
massive expansion into corn fields north and east of the Missouri river (Miller et al. 
2009). That year S. albicosta moths and larvae were found infesting corn fields in 
southern Minnesota (O’Rourke and Hutchinson 2000). In 2000, it began causing 
economic damage in South Dakota (Catangui and Berg 2006) and severe damage was 
experienced in areas of western Iowa. Rice (2000) described one field in western Iowa 
with 95% of ears damaged. By 2004, the moth populations appeared in Illinois and 
Missouri (Dorhout & Rice 2004, Rice et al. 2004). Expansion continued into Wisconsin 
in 2005 (Cullen & Jyuotika 2008), and into Indiana, Michigan, and Ohio by 2006 (Rice & 
Pilcher 2007, DiFonzo & Hammond 2008, Miller et al. 2009). Baute (2009) reported 
western bean cutworm populations in Ontario, Pennsylvania, New York, and Quebec.  
There are multiple reasons attributed to western bean cutworms’ aggressive expansion 
into areas in the north and east (Hutchison et al. 2011). The main theories for this 
expansion are discussed in Hutchison et al. (2011). Characteristic of other species in 
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family Noctuidae, western bean cutworm has the capacity for long distance migrations 
(Hagen 1962, Blickenstaff 1979, Lingren et al. 1994). Long range migrations of WBC 
into corn and dry bean growing areas has been a major part of western bean cutworm life 
history (Blickenstaff 1979). Since WBC has been able to migrate into many corn and dry 
bean growing states it is possible to assume that populations were already present in some 
areas prior to the 1999 expansion (Hutchison et al. 2011). This is supported by the 
presence of non-economically significant western bean cutworm populations in western 
Iowa prior to the major eastward expansion in 1999 (Hoerner 1948, Crumb 1956, 
O’Rourke & Hutchison 2000).  
It is overly simplistic to attribute a single explanation to the WBC range expansion 
(Hutchison et al. 2011). Then (2010) blames the expansion of western bean cutworm on 
pest replacement caused by genetically modified (GM) corn with Bt protein Cry1Ab. Pest 
replacement is when a secondary pest fills a competitor pest’s niche after the competitor 
pest has been removed by insecticides or GM crops (Rice & Dorhout 2006). Hybrids with 
Cry1Ab proteins were nearly 100% effective at eliminating one of western bean 
cutworm’s top competitors, the European corn borer (Then 2010, Hutchison et al. 2011). 
When Bt hybrids with Cry1Ab became very widespread, it limited the need to spray 
insecticides for lepidopteran pests. A lack of competition and insecticide spraying has 
given western bean cutworm a competitive advantage and increased survival (Pilcher et 
al. 2002, Wilson et al. 2005). Cry1Ab has been so effective against European corn borer 
that it has nearly decimated the pest population, this has removed a top competitor for 
corn and has opened a niche for corn infestation (Catangui & Berg 2006, Rice & Dorhout 
2006, Eichenseer et al. 2008, Dorhout and Rice 2010, Then 2010). Soil conservation and 
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glyphosate-resistant crops have greatly reduced the need for tillage of corn and soybean 
fields. Reduced tillage increases the chance of survival for S. albicosta pre-pupae who 
burrow into the ground to overwinter (O’Rourke & Hutchison 2000, Givens et al. 2009). 
Reduced tillage combined with sandy soil conditions and warmer ambient winter 
temperatures from climate change produces an ideal situation to drastically reduce 
western bean cutworm overwintering mortality (Baute 2011, Diffenbaugh et al. 2008).  
Surveys for integrated pest management 
In the 1970’s, integrated pest management (IPM) became the primary doctrine of 
government-based pest management programs. USDA, EPA, and university extension 
programs all focus on IPM because it focuses on pest prevention and judicious use of 
insecticides (Draper et al. 2011, EPA 2016). IPM programs need to be evaluated to see if 
they are reaching the goals and intentions of the program and meeting the needs of 
stakeholders (GOA 2001). Surveys are one effective method of evaluating if an IPM 
program is reaching its intended goals, including the implementation of IPM practices 
and the perception of IPM practices (Harrington et al. 2009). IPM surveys are also useful 
for tracking changes in stakeholder implementation of practices and perceptions about 
practices (Givens et al. 2009).  
Surveys have been a tool used by agricultural scientists to document the progression of 
resistance and the perception of management techniques (Harrington et al. 2009). They 
have been used to measure IPM use in apples (Kovach and Tette 1988), sweet corn 
(Jasinski and Haley 2014) and fruit and nut tree producers (Farrar et al. 2016). Surveys 
have been used to determine herbicide use patterns and the development of resistance 
(Givens et al. 2009). In entomology, they have been used to determine areas of concern 
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and weaknesses in communication for Drosophila suzukii Matsumura (Diptera: 
Drosophilidae) management (Dreves 2011). They have also been used to determine 
management practices for corn rootworm in Nebraska (Wright et al. in progress). Wright 
et al. (1997) used mail surveys to gather information on the role of crop consultants in 
crop management for multiple states in the Midwest. It showed that crop consultants were 
taking an increasingly significant role in crop management and that they make many of 
the scouting and management decisions. Surveys can be used to determine the 
implementation of western bean cutworm management practices.  
Current western bean cutworm management practices 
Injury 
In areas that western bean cutworm is present, it can cause substantial damage. In years 
with high S. albicosta populations, there has been up to 30 to 40% yield loss in some corn 
fields (Keith et al. 1970). In years with high infestations, it is common to have 2 or more 
larvae in a single corn ear. In situations with multiple larvae as much as 50-60% kernel 
damage has been recorded (Seymour et al. 2013). A field average of one WBC larvae per 
plant can cause a 3.7 to 15 bushel/acre of yield loss(Appel et al. 1993, Seymour et al. 
2004, Paula-Moraes et al. 2013). Additional yield loss can occur from fungal infections 
like Fusarium graminearum (Petch) and other fungi. The fungi associated with WBC can 
infect the grain and produce mycotoxins that damage grain quality. Feed grain from 
infected ears can have serious health effects for livestock that consume it, so when 
detected, the grain has a major loss in value. The exact relationship between WBC and F. 
graminearum, and other fungi is unclear, but when both the larvae and the fungus are 
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present there is substantially more grain loss than when only one assailant is present 
(Hagan 1962, Parker et al. 2017). 
Severe damage can also happen in dry beans. Early instar larvae will feed on leaf tissue at 
a level that will not cause economic damage. Later instars will feed on the outside of the 
bean pod and will chew through the pod wall to feed on the developing beans inside. This 
can cause direct feeding damage and secondary infection from fungus and bacteria 
(Michel et al. 2010). The damaged beans are difficult to separate from the healthy beans 
and if more than 2% of the beans are damaged it may result in a downgrading of the crop 
and a lower price (Blickenstaff 1979). Heavily damaged loads may be entirely rejected 
because of demands for high quality (Michel et al. 2010).   
Trapping adults 
The presence of western bean cutworm adults is most easily detected using black light 
and pheromone traps. It is a crucial step for determining when to scout for eggs and 
larvae (Michel et al. 2010). Black light traps and pheromone traps are about the same 
effectiveness at catching S. albicosta adults and pheromone traps have the advantage of 
being less expensive and more Lepidoptera specific than black light traps (Mahrt et al. 
1987).  One type of pheromone trap, known as a “jug trap” is fastened to a pole and put 
on the edge of a corn field for maximum effectiveness (Dorhout & Rice 2008). Collection 
data from the jug traps or light traps can be used to estimate the percentage moth flight in 
that season. Scouting for eggs and early instar larvae is encouraged at about the time that 
25% of adults have begun flying. Moth flight will usually be in early July but in some 
years, it has been in late June (Rice and Pilcher 2007). A similar technique can be used 
for trapping WBC moths around dry beans (Michel et al. 2010).  
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Scouting 
Scouting for western bean cutworm eggs is fundamental for the management of the pest. 
Scouting should start in early July or at the time that 25% of the adult moths have 
emerged and are beginning to reproduce and oviposit eggs. This time can be determined 
using degree day models or just multiple consecutive nights of collecting moths in 
pheromone traps (Rice and Pilcher 2007, Michel et al. 2010). Preferred area for 
oviposition is on the upper surfaces of newly unfolded corn whorl leaves; usually on the 
top three leaves of the plant. Oviposition is most common in pre-tassel corn (Michel et al. 
2010, Seymour et al. 2013). The suggested scouting technique is to inspect 20 
consecutive plants in at least 5 locations in a single field. Another option is to use 
binomial sequential sampling for scouting (Paula-Moraes et al. 2011). The appearance of 
S. albicosta eggs was described above. Eggs will be easier than larvae to find during 
scouting. Larvae will be easiest to find on the upper leaf axils and tassels, it is 
significantly more difficult to scout for larvae when they have entered the ear or whorl 
(Michel et al. 2010, Paula-Moraes 2012).  
Scouting for WBC egg masses in dry beans can be difficult because the eggs are laid on 
the underside of leaves in the thick part of the canopy (Michel et al. 2010). The cryptic 
nature of WBC larvae in dry beans makes it difficult to predict damage, so the suggestion 
is to spray insecticide if two larvae are found per row foot (Seymour et al. 2004).  A more 
reliable method is to predict treatment times using pheromone traps. The threshold for 
insecticide treatment is 700 or more moths accumulated per trap before peak moth flight 
(Michel et al. 2010). If the threshold is crossed then insecticides should be applied 10 to 
21 days after peak moth flight (Michel et al. 2010).  
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Foliar insecticides 
In corn, insecticides must be applied shortly after scouting and egg hatch because they 
are only useful against early instars that have not entered the corn ear (Appel et al. 1993, 
Paula-Moraes et al. 2013). Once inside the corn ear, larvae will be mostly protected 
against exposure to foliar insecticides. In some instances, synthetic pyrethroid 
insecticides may irritate larvae sufficiently to make it leave the corn ear, thus making 
them again susceptible to treatment (Seymour et al. 2013). Multiple types of insecticides 
have been identified as useful against western bean cutworm including carbamates, 
organothiophosphates, pyrethroids, spinosyns, Bt, methoxyfenoside, and diamides. There 
are some concerns about decreased efficacy of common pyrethroid insecticides against 
WBC in Nebraska (Table 2.3). Research has not indicated that there are WBC 
populations that are expressing more resistance to pyrethroid insecticides, but further 
study is needed (Montezano et al. 2017).  
The time for insecticide application can be determined using economic thresholds (Paula-
Moraes et al. 2013). The economic injury level or EIL is the lowest density of a pest 
population that can cause economic damage (Stern et al. 1959). An economic threshold 
(ET) is the population level where management needs to start to prevent loss equal to the 
EIL (Stern et al. 1959). The current economic threshold for western bean cutworm is 5-
8% of plants with an egg mass or larvae (Paula-Moraes et al. 2013).  
Care must be used when selecting insecticides. Some synthetic pyrethroid pesticides are 
known to cause secondary infestation by spider mites. This happens because the 
insecticide will also kill natural enemy populations that would have otherwise kept spider 
mites under control (Seymour et al. 2013).  
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Cultural methods 
There are some cultural practices that help reduce the chance of western bean cutworm 
infestation. The primary cultural method is tillage; deep tilling of the soil may increase 
mortality of the pre-pupa (Seymour et al. 2004). More research is needed to verify that 
plowing is an effective cultural control (Seymour et al. 2004).   
Transgenic corn 
There are two transgenic Bt corn traits that are considered partially effective against 
western bean cutworm: Cry1F and Vip3A. The most common trait is Cry1F and it is 
found in popular hybrids marketed as Herculex, SmartStax, and AcreMax (Michel et al. 
2010, Seymour et al. 2013, DiFonzo 2017). These traits were produced for control of 
lepidopteran pests including western bean cutworm (Eichenseer et al. 2008).  In 2003, 
when corn hybrids with Cry1F Bt toxins began being planted, it was reported to provide  
80% control of western bean cutworm populations (Seymour et al. 2013). While this 
level of control was good, it was far from complete control and other IPM control 
methods were needed to regulate western bean cutworm populations. Ostrem et al. (2016) 
reports that in some populations, western bean cutworm larvae from 2013-2014 have 
demonstrated a 5.2-fold decrease in susceptibility to Cry1F when compared to larvae 
from 2003-2004. This level of resistance to Cry1F toxin is not standard across all 
populations but it is an indication that western bean cutworm is developing resistance to 
Cry1F protein. Reduced susceptibility of western bean cutworm to Cry1F protein 
highlights the importance of resistance management for Bt traits. Integrated pest 
management techniques will need to be implemented to improve control of western bean 
cutworm in tandem with transgenic crops.  
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Corn with the Bt trait Vip3A can also be used in WBC management. Vip3A (Vegetative 
insecticidal protein) has is also a Bt toxin and works by rupturing the WBC gut cells. 
(Volenberg 2011). The toxins can significantly suppress larval development in many 
lepidopteran species by targeting cells in the gut and causing them to burst (Dyer et al. 
2013). Less research has been done on western bean cutworm management with Vip3A 
as opposed to Cry1F. Syngenta produces most Bt hybrids with Vip3A under the Agrisure 
brand (Difonzo 2015).  
 Biological control of western bean cutworm 
 Very little has been published on natural enemies and biological control of western bean 
cutworm. Blickenstaff (1979) reported laboratory observations of common predators 
feeding on WBC eggs and larvae. Damsel bug adults (Hemiptera: Nabidae) produced the 
most predation with 75 eggs per day and 4-26 2nd and 3rd instar larvae per day. The next 
most dominant predator was lady beetles (Coleoptera: Coccinellidae) which would feed 
on 32-46 eggs per day and 11-22 1st instar larvae per day. Other important predators 
include minute pirate bugs (Hemiptera: Anthocoridae) which are egg and larvae feeders; 
lacewing larvae (Neuroptera: Chrysopidae) which fed on 1st and 2nd instar larvae; big-
eyed bug adults (Hemiptera: Geocoridae); lady beetle larvae (Coleoptera: Coccinellidae) 
and spiders (Araneae) (Blickenstaff 1979). When later instar larvae have moved onto ear 
tips they are also vulnerable to vertebrate predators like blackbirds, raccoons and skunks 
(Seymour et al. 2004, Krupke et al. 2009), although vertebrate predators can still cause 
physical damage to the crop and are not reliable for control (Michel et al. 2010).  
Western bean cutworm is susceptible to the microsporidian Nosema loxagrotidis sp. N 
(Dorhout 2007). Nosema is an obligate parasite that can reduce vitality, flying ability and 
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sometimes even kill a WBC host (Dorhout 2007). They infect their host by being 
consumed and then injecting itself into the midgut cells. While infection of WBC by 
Nosema is very common in Nebraska, it has been reported that the lethal dose is not 
sufficient to be a reliable pest management strategy (Seymour et al. 2004). Helms & 
Wedberg (1976) reported that infection was less severe in WBC that consumed 
commercial Bacillus thuringiensis (Bt) because the Bt kills the microsporidian infected 
cells, causing them to burst and leave the body. There is discussion on whether the 
introduction of commercial Bt biopesticides like B. thuringiensis var. kurstaki (Dipel ES) 
and var. alesti has caused a decrease of Nosema spores in the Corn Belt and thus aided in 
the north-eastern expansion of WBC (Dorhout 2007). The previously mentioned Bt 
products are highly selective for a variety of lepidopteran pests including European corn 
borer, however, none have proved to be successful control agents against WBC (Seymour 
et al. 2004). Early instar western bean cutworm larvae are also very vulnerable to natural 
controls like heavy rains, low temperature, and high winds because their feeding habits 
move them to environmentally exposed areas (Cullen & Jyotika 2008). While impossible 
to control, these density independent controls are a particularly important control for 
western bean cutworm larval mortality.  
Research by Jeff Bradshaw has shown that the parasitoid wasp Trichogramma ostriniae 
(Peng & Chen) (Hymenoptera: Trichogrammatidae) parasitizes WBC egg masses in corn 
and dry beans in northwest Nebraska (Ostdiek 2012). Trichogramma ostriniae was 
originally introduced into the eastern United States against the European corn borer 
Ostrinia nubilalis (Hübner) (Lepidoptera: Pyralidae) (Wang et al. 1997). The relationship 
between T. ostriniae and its hosts will be explained in the next section. There is 
15 
 
promising research for T. ostriniae as a biological control agent for western bean 
cutworm (Ostdiek 2012). Further research with T. ostriniae and WBC needs more 
funding (Ostdiek 2012) and more research on the parasitoids’ dispersal capacity and 
dynamics (Gardner et al. 2012). An understanding of T. ostriniae dispersal ability is 
important to determine the efficacy of its release against WBC (Gardner et al. 2012).  
 Biological control of other lepidopteran pests 
The biological control of lepidopteran pests has involved multiple different tactics 
including biopesticides, beneficial nematodes and other entomopathogens, and arthropod 
predators and parasitoids. Experiments with three predominant lepidopteran pests: fall 
armyworm (FAW) Spodoptera frugiperda (Smith) (Lepidoptera: Noctuidae); corn 
earworm (CEW) Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae); and European corn 
borer (ECB) O. nubilalis (Lepidoptera: Crambidae); have illustrated a significant level of 
control from arthropod predators and parasitoids. 
Spodoptera frugiperda 
In an experiment by Hoballah et al. (2004), arthropod natural enemies that consumed or 
parasitized fall armyworm (FAW) larvae were observed in a maize agroecosystem in 
Mexico. In the experiment, multiple parasitoids were identified. Most of them parasitized 
early instar S. frugiperda. Many different predators were also collected. True bugs Zelus 
longipipes (L) (Hemiptera: Reduviidae), Castolus sp. (Hemiptera: Reduviidae), Podisus 
sagitta (Fabricus) (Hemiptera: Pentatomidae) and other Reduviidae were observed 
feeding on late instar larvae. Coleomegilla sp., Orius sp., and Chrysopidae were all seen 
attacking newly emerged and early instar larvae (Hoballah et al. 2004).  
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It is predicted that many of these predators and parasitoids locate and kill FAW prey by 
moving towards the volatile chemicals released by the corn at the site of herbivory. This 
powerful defense works with natural enemies to help them locate, kill or parasitize 
herbivorous larvae (Turlings & Benrey 1998, Turlings et al. 2002).   
FAW larvae have demonstrated the high susceptibility to entomopathogenic organisms 
like bacteria, fungi, nematodes, viruses, and protozoa (Ruiz-Najera et al. 2013). A survey 
of 1,247 FAW larvae collected in Chiapas, Mexico indicated a total larval mortality of 
16.36% with 12.99% of the mortality due to entomopathogens and parasitic nematodes 
(Ruiz-Najera et al. 2013). Research should be done to show the level of control provided 
against fall armyworms by these various predators, parasites, and pathogens.  
Helicoverpa zea 
Corn earworm is a major pest of corn in North America. A study by Seagraves and 
Yeargan (2009) demonstrated that Coleomegilla maculata larvae, along with other 
predators, were effective at reducing corn earworm egg numbers. Generalist predators 
like C. maculata can colonize disturbed habitats like seasonal agroecosystems to feed on 
eggs and early instar larvae of H. zea and other noctuid pests (Fletcher & Thomas 1943, 
Ehler 1977, Ehler & Miller 1978). H. zea is only vulnerable to biological control during 
the egg stage on reproductive stage corn because the larvae quickly move into the corn 
ear after hatch (Seagraves & Yeargan 2009). When C. maculata larvae were present, egg 
consumption increased by 22.1% over egg consumption in plots without C. maculata 
larvae. Prominent levels of egg consumption suggest that C. maculata is potentially an 
important natural enemy of H. zea (Seagraves & Yeargan, 2009).  
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Ostrinia nubilalis 
Hoffmann et al. (1995) identified T. ostriniae as a parasitoid of European corn borer 
(ECB). Inoculative release of T. ostriniae in sweet corn fields infested with O. nubilalis 
had about 50% reduction in damage when compared to fields without inoculative release. 
This shows that the inoculative release of T. ostriniae provides a significant amount of 
control in sweet corn (Wright et al 2001). Life table studies demonstrated that T. ostriniae 
accounted for 61-91% of ECB egg and larval mortality in sweet corn and 80-93% 
mortality in field corn (Kuhar et al. 2002). The dispersal behavior of T. ostriniae is also 
beneficial for control, it disperses about 115 m in 7 days so the parasitoids will stay close 
to fields in which they are released. The wasp population subsists in the released area for 
about 60 days in sweet corn. This dispersion rate is good for the control of O. nubilalis 
(Wright et al. 2001).  
Coleomegilla maculata 
Biology and ecology 
The pink spotted lady beetle (C. maculata)  is a mobile, polyphagous predator of aphids 
and insect eggs in agroecosystems (Conrad 1959, Hazzard & Ferro 1991). Its reputation 
as a corn borer egg predator gave it the title “destroyer of borer eggs” (Conrad 1959). 
Research has indicated that C. maculata are valuable predators against multiple 
agricultural pests and can be a valuable part of conservation biological control programs 
(Choate & Lundgren 2013).  
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Adults 
Adults range in colors from rose pink to crimson red. They have two black spots on the 
thorax and 10 black spots on the elytra. Two of the spots are centered on the elytra 
(Conrad 1959). 
Adults will emerge in the early spring from their overwintering sites under bark, and corn 
refuse or from large congregations of C. maculata at the base of trees or in refuse piles. 
After emerging in early spring, they will move into flowers and alfalfa then in the 
summer, they move into corn and other agricultural crops (Conrad 1959). Unlike many 
Coccinellidae species, C. maculata does not consistently lay eggs near a food source 
(Cottrell & Yeargen 1998). Rather, eggs are bright orange and are usually oviposited on 
the bottom surface of leaves in the bottom 1/3 of the corn plant (Coderre et al. 1987). 
Usually, about 10 eggs are laid in a cluster (Cottrell & Yeargan 1998). Conrad (1959) 
reported 4 to 5 generations a year in Delaware.  
Larvae 
Larvae have a base color of tan-yellow and a pair of brown spots on each thoracic 
segment. Other abdominal segments have brown and yellow patches except segment 4 
which is completely yellow (Conrad 1959). Larvae have four instars that includes an 
immobile pre-pupa stage and a pupal stage (Munyaeza & Obrycki 1998). 
Diet 
Coleomegilla maculata is a voracious generalist predator that feeds on eggs, aphids, 
pollen and will cannibalize its own eggs and larva. Larvae and adults develop and 
oviposit more quickly on a mixed diet (Lundgren et al. 2011). In a lab setting, an 
indeterminate number of generations C. maculata larvae could grow to adulthood on an 
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exclusive diet of aphids (Smith 1965). C. maculata colonies fed exclusively on corn 
pollen could grow to adulthood for 5 to 6 generations (Hodek et al. 1978). Larvae are 
known to feed on Colorado potato beetle eggs in the wild, although an exclusive egg diet 
provides an adequate but not optimal diet for larval development and oviposition 
(Hazzard & Ferro 1991). Given the opportunity, C. maculata will self-select a mixed diet 
of corn pollen, eggs and aphids (Waldbauer & Friedman 1991). A study by Lundgren and 
Wiedenmann (2004) supports the theory that C. maculata of self-selects a mixed diet to 
meet optimal nutrition needs. Spotted lady beetles that were fed a prey-only diet were 2-3 
times more likely, than those fed an all corn pollen diet, to consume corn pollen when 
offered (Lundgren et al. 2011).   
 Coleomegilla maculata in biological control 
Numerous studies have considered C. maculata as a potential biological control agent 
because of its ability to colonize corn agroecosystems and its propensity to consume the 
eggs and larvae of corn pests (Conrad 1959, Hazzard & Ferro 1991). Studies have 
suggested that C. maculata is an important natural enemy for various agricultural pests, 
such as European corn borer, (Conrad 1959, Musser & Shelton 2003), corn earworm 
(Cottrell & Yeargan 1998, Seagraves & Yeargan 2009), Colorado potato beetle,(Hazzard 
& Ferro 1991), and tobacco budworm, Helothis virescens (F.) (Bryson 1974). C. 
maculata feeding response is heavily influenced by temperature with an optimal feeding 
temperature of 15 to 30°C (Giroux et al. 1995). Target prey consumption will also be 
influenced by the quantity, quality and visibility of alternate foods, especially corn pollen 
(Hazzard & Ferro 1991, Cottrell & Yeargen 1998, Musser & Shelton 2003). Cottrell & 
Yeargan (1998) showed that C. maculata consumed fewer CEW eggs during corn 
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anthesis than in the periods before and after anthesis. The conclusion was made that the 
presence of corn pollen decreased CEW egg predation.  
The data indicates that abundant corn pollen reduces C. maculata predation on H. zea 
eggs and egg cannibalism (Cottrell & Yeargan 1998). Additionally, more predation of H. 
zea eggs and cannibalism was observed from C. maculata larvae than from adults, or 
other predators (Cottrell & Yeargen 1998). Coleomegilla maculata larvae have a 
significant effect on H. zea pests and should be considered a valuable part of a biological 
control program (Seagraves & Yeargan 2009).  
 European corn borer is a major pest of sweet corn. Conrad (1959) named C. maculata 
the “destroyer of borer eggs” because of its propensity to find and consume O. nubilalis 
eggs. Approximately 16% of the corn borer egg masses were consumed by C. maculata 
in sweet corn (Conrad 1959). This level of partial control can be substantial when 
considering the economic threshold. Laboratory studies on C. maculata consumption of 
O. nubilalis eggs indicated that there was a significant difference between its level of egg 
consumption and other common natural enemies in sweet corn (Musser & Shelton 2003). 
In a no-choice laboratory predation study, Harmonia axyridis (Pallas) (Coleoptera: 
Coccinellidae)  adults ate less than ½ as many eggs as C. maculata. A field cage study 
indicated that C. maculata adults and larvae had an overall mean predation rate of 34% 
on ECB eggs without the presence of food alternatives (Musser & Shelton 2003). Field 
study on food alternatives showed that predation on ECB eggs was significantly reduced 
if corn pollen is available, because C. maculata will use it as a major nutrition source 
(Musser & Shelton 2003, Lundgren et al. 2011.)  
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The Colorado potato beetle (CPB) is a severe pest of potato in Canada and may parts of 
the United States (Giroux et al. 1995). Groden et al. (1990) looked at C. maculata as a 
potential control agent for L. decemlineata. The study revealed elevated levels of 
predation for early instar Colorado potato beetle larvae by C. maculata in the field and in 
a laboratory setting (Groden et al. 1990). Hazzard et al. (1991) measured 38 to 58% of 
CPB egg masses were consumed by natural populations of C. maculata in a commercial 
potato field in Massachusetts. Similarly, with other target pests, C. maculata is less 
effective when alternate food, especially pollen, is available (Hazzard & Ferro, 1991).   
 It is known that Coleomegilla maculata is a major predator of various Lepidoptera and 
Coleoptera pests. Personal data has recorded C. maculata feeding on S. albicosta eggs. 
Research must be done to look at predation of western bean cutworm by C. maculata.  
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Chapter 2 : Using an online survey to measure Nebraska 
stakeholders’ understanding and implementation of western bean 
cutworm 
 
Western bean cutworm is a native lepidopteran pest of corn and dry beans in Nebraska. 
Traditionally it has been an economically damaging pest in western Nebraska, Kansas, 
and eastern Colorado. However, beginning in 1999, the insects’ populations began to 
expand throughout Nebraska, the Eastern Corn Belt, Canada, and Texas and Mexico 
(O’Rourke and Hutchinson 2000, Catangui and Berg 2006, Baute 2009, Miller et al. 
2009, Sánchez-Peña et al. 2016). Western bean cutworm (WBC) can cause severe 
damage to harvestable corn kernels causing up to 3.7 to 15 bushel/acre yield loss and 
opening the ear to fungal damage (Appel et al. 1993, Seymour et al. 2004, Paula-Moraes 
et al. 2013, Parker et al. 2017). The severe damage, and expanding range has made 
western bean cutworm an increasing concern for many growers and so extension efforts 
have been made to develop management programs in Nebraska (Seymour et al. 2004).  
Management programs have focused on using broad-spectrum insecticides and Bt corn 
with Cry1F and Vip3A traits (Eichenseer et al. 2008, Michel et al. 2010). However, in 
recent years, growers and stakeholders in Nebraska have expressed concerns over the 
efficacy of these methods against western bean cutworm. Over the ten-year period 
between 2003 and 2013 there has been a 5.2-fold decrease in efficacy for the Cry1F trait 
against WBC in parts of Nebraska and Iowa (Ostrem et al. 2016). Some stakeholders in 
Nebraska have also voiced concerns about decreased efficacy of common synthetic 
pyrethroid insecticides, although studies have shown no significant differences in 
bifenthrin efficacy on tested WBC populations in Nebraska (Montezano et al. 2017).  
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Scouting and thresholds are an integral part of WBC management. The current thresholds 
for field corn is 5-8% infestation (Paula-Moraes et al. 2013). Scouting prior to insecticide 
treatments helps delay resistance, and avoid unnecessary expenditures. Stakeholders vary 
in their ability and willingness to scout for western bean cutworm prior to treatment. 
Recommended techniques are for sequential sampling or consecutive sampling of 20 
plants in 5 areas of the field (Paula-Moraes et al. 2011).  
Surveys have been used in extension to determine stakeholders’ pest management 
concerns, analyze integrated pest management practices and evaluate the effectiveness of 
programs (Givens et al. 2009). This survey analyzes how growers and crop consultants 
understand and practice integrated pest management of western bean cutworm. This 
survey also determines the extension based needs of stakeholders in Nebraska with 
regards to western bean cutworm.  
Materials and Methods 
Survey design 
A 40-question survey was designed and divided into six sections: 1) general questions 
about respondent demographics, professional agricultural history, and yield loss due to 
western bean cutworm; 2) scouting practices, identification and degree day models; 3) 
confidence in management practices; 4) Bt corn hybrid use; 5) insecticide use; and 6) 
biological control and natural enemies. Questions were formatted as either multiple 
choice with single answer options, multiple choice with multiple answer options, or open 
text entry (See supplementary file 1).  
The survey was built and distributed using Qualtrics software, version 06/2016- 06/2017 
(Qualtrics, Provo, Utah, USA). Prior to general release, the survey was reviewed by at 
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least 15 individuals, including members of the Nebraska Field Office of the United States 
Department of Agriculture’s National Agricultural Statistical Service (USDA-NASS), 
University of Nebraska-Lincoln Department of Entomology faculty and graduate students 
(including specialists in IPM, extension, and survey development), and Nebraska crop 
consultants. An IRB application was submitted and approved for the survey and the 
emails used in distribution (IRB#20160816253 EX ). Links to the survey were sent to the 
email distribution lists of the Nebraska Independent Crop Consultant Association 
(NICCA) (n=160) and the Nebraska Corn Board (NCB) (n=1,290). Initial emails were 
sent on December 2, 2016 (to NICCA) or December 12, 2016 (to NCB). Follow-up email 
reminders were sent on December 28, 2016 and January 11, 2017. The survey closed on 
February 2, 2017. Participants who completed the survey were entered in a drawing for 
two UNL football tickets.  
Data was analyzed using cross-tabulation functions on Qualtrics software, version 
06/2016-06/2017 (Qualtrics, Provo, Utah, USA). Chi-Square values were calculated to 
indicate significant response comparisons.  
Results 
Distribution of responses 
Demographic information was collected from respondents to better understand how 
agricultural profession affects how stakeholders are implementing western bean cutworm 
management practices. There were 121 responses started and 94 completed responses. 
The distribution of respondents’ age in years at the time of taking the survey was: 14.78% 
age 19-30; 24.35% age 31-45; 53.91% age 46-64; and 6.96% age 65 or greater. The 
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profession of survey respondents was: 32.17% crop consultant, 1.73% crop consultant 
and other, 46.95% grower, 2.61% grower and crop consultant and 16.52% other. 
Although most of the survey respondents had greater than 20 years’ experience as a crop 
consultant or grower, a variety of experience levels were represented (Figure 2.1). 
Growers with greater than 20 years’ experience as an agricultural professional were our 
most represented group (30.34%) followed by crop consultants with greater than 20 
years’ experience (18.26%). Most of the respondents (61.73%) had greater than 20 years’ 
experience in their agricultural professions.  
 
Figure 2.1 The agricultural profession of respondents and their length of time as an 
agricultural professional.  
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Respondents managed one or more fields in 65 of the 93 counties (68.89%) in Nebraska 
(Figure 2.2). These counties are representative of major corn producing areas in 
Nebraska. The highest number of respondents (21) managed one or more fields in 
Buffalo County. Respondents also managed one or more fields in Kearney (15), Hall 
(11), and Phelps (11) counties. Most of the respondents from these concentrated areas 
around Buffalo County are crop consultants.  
Southwest Nebraska (Chase, Dundy, Hitchcock, and Hayes Counties) are under-
represented in the survey. These areas experience frequent WBC infestation and damage 
but only a small number of respondents indicated that they manage one or more fields in 
that area. The Nebraska Panhandle experiences high damage in dry beans due to WBC 
but that region had a low level of respondents managing one or more fields in those 
counties.  
 
Figure 2.2 Counties where respondents reported managing one or more fields 
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WBC damage in 2014- 2016 
Respondents reported higher perceived yield loss in 2016 than in 2015 and 2014 (X2= 
14.80, df= 6, p = .02) (Figure 2.3). In 2014, 61.05% of respondents experienced no 
damage due to western bean cutworm infestation and another 30.52% experienced a 
minimal damage of 1-2 bushels/acre. Yield loss in 2015 was higher than 2014. Under half 
of respondents (44.21%) of respondents experienced no yield loss due to western bean 
cutworm. However, 29.47% experienced low yield loss or 1-2 bushels/acre and 26.31% 
reported a yield loss of 3-14 bushels/acre. More respondents believe they experienced 
more damage due to western bean cutworm in 2016 than previous years. Only 30.52% 
experienced no yield loss from western bean cutworm and 40% of respondents 
experienced the expected yield loss of 3-14 bushels/acre. Nearly 10% (9.48%) reported 
yield loss higher than 15 bushels/acre.  
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Figure 2.3 Respondents reports of average corn yield loss due to western bean cutworm 
in 2014, 2015, and 2016.  
 
Scouting practices 
Scouting and use of economic thresholds is recommended prior to western bean cutworm 
insecticide treatments in Nebraska (Paula-Moraes et al. 2013). Agricultural professionals 
were asked whether scouting is practiced in the fields that they manage. Crop consultants 
(97.50%) and other agricultural professionals (76.92%) were significantly more likely 
than growers (32.61%) to scout the fields they manage for western bean cutworm. Most 
grower respondents (63.04%) prefer to hire another individual to do scouting for WBC. 
Adherence to recommended WBC scouting practices was significantly higher for crop 
consultants and other agricultural professionals than for growers (Table 2.1).  
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Table 2.1 WBC scouting practices that were conducted by respondents between 2014-
2016. 
 
Scouting practice 
% 
Grower 
(N=38) 
% Crop 
Consultant 
(N=39) 
% Other 
Agr. 
Professional 
(N=12) 
% Total 
for 
practice 
(N=85) 
Look for western bean cutworm egg 
masses on upper surfaces of leaves 
and whorl 
71.05 100 91.67 85.88 
Scout fields before or during pollen 
shed 
57.89 100 91.67 80 
Scout multiple fields for western bean 
cutworm 
60.53 89.74 91.67 77.65 
Scout at least once a week starting in 
late June 
47.37 89.74 75 69.41 
Check 20 plants in at least 5 parts of 
each field 
52.63 76.92 83.33 65.88 
Continue scouting for 7-10 days after 
detecting western bean cutworm 
 
39.47 84.62 66.67 62.35 
Use the light trap data published by 
the online by University of Nebraska- 
Lincoln 
 
10.53 48.72 75 36.47 
Use pheromone traps or light traps to 
see when western bean cutworm 
moths are flying 
7.89 15.38 25 14.12 
Place pheromone traps or light traps 
in June before adults begin laying 
eggs 
5.26 10.26 8.33 8.24 
% Total for occupation 44.71 45.88 14.12  
 
 
All crop consultants and other careers (100%) felt that scouting was either extremely 
effective or somewhat effective as a practice of informing them about western bean 
cutworm damage. Nearly all growers (83.72%) believed that scouting was an effective 
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practice for determining the presence of western bean cutworm. Few grower respondents 
felt that scouting was ineffective (4.65%) and another minority (11. 62%) were unsure 
about the efficacy of scouting in determining the presence of western bean cutworm in a 
field.  
There was a significant difference between crop consultants, growers and other 
agricultural professionals in their ability to identify western bean cutworm eggs, larvae 
and adults. Participants were asked to select the western bean cutworm egg mass from a 
photo array that also included eggs of fall armyworm (Spodoptera frugiperda), European 
corn borer (Ostrinia nubilalis) and Pentatomidae. Crop consultants (82.5%) were more 
successful than growers (43.9%) and other agricultural professionals (50%) at identifying 
western bean cutworm eggs (X2= 16.94, df= 6, p = .01). Participants were asked to select 
the late instar western bean cutworm larva from a photo array that also included a 
European corn borer larva, corn earworm larva (Helicoverpa zea) and a Diplopod. Crop 
consultants (92.5%) and other agricultural professionals (100%) performed significantly 
better than growers (63.41%) at identification of WBC larvae (X2= 14.02, df= 6, p = .03). 
Participants were asked to select the WBC moth from a photo array that also included a 
European corn borer moth, corn earworm moth and western corn rootworm beetle 
Diabrotica virgifera virgifera (Le Conte) (Coleoptera: Chrysomelidae) . Crop consultants 
(80%) were also significantly better at identifying western bean cutworm adults than 
growers (24.4%) and other agricultural professionals (50%). The photo of the corn 
earworm moth was the most selected incorrect option by 41.46% of growers and 50% of 
other professionals (X2= 30.90, df= 6, p = .001).  
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Degree day models 
Most respondents (50.56%) do not use degree day models to predict when to start 
scouting and treating for western bean cutworm. Another 35.96% of respondents have 
used degree day models but they do not feel confident about using them effectively. The 
respondents in this category were 21.88% other agricultural professionals, 40.63% 
growers and 40.63% crop consultants. Only 13.48% of respondents felt confident using 
degree day models effectively and 91.67% of them were crop consultants.  
Most participants who feel confident using degree day models (75%) begin scouting for 
western bean cutworm at 0-25% moth flight. Participants who do not feel confident using 
degree day models (53.13%) are less likely to use moth flight as an indicator for when to 
begin scouting for western bean cutworm. Those who did use moth flight as an indicator 
(35.96%) began scouting at 0-25% moth flight. This was the case even when some 
participants had never used degree day models (24.44%). Overall it was most common 
for growers, crop consultants and other agricultural professionals to not use moth flight as 
an indicator for western bean cutworm scouting (44.94%).  
Confidence with managing western bean cutworm 
Growers felt less confident about their knowledge of western bean cutworm management 
practices than crop consultants and other agricultural professionals (X2= 26.47, df= 6, p > 
.001). Crop consultants were very confident (55%) or somewhat confident (40%) about 
their knowledge of western bean cutworm management practices. Growers were less sure 
about this knowledge: 12.20% very confident, 48.78% somewhat confident, 26.83% 
somewhat unconfident and 12.20% very unconfident.  
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Bt corn performance in Nebraska 
Crop consultants (87.88%) and other agricultural professionals (100%) report that Bt corn 
provided lower control of WBC in the 2014-2016 field seasons than it did during the 
previous field seasons. However, most growers (54.84%) reported that Bt corn continues 
to provide the same level of control against western bean cutworm in the 2014-2016 field 
seasons as it did in previous years. Respondents who reported experiencing higher yield 
loss in 2016 than 2014 and 2015, were also more likely to report that Bt corn hybrids are 
providing less control of WBC than in the past (X2= 14.69, df= 6, p = .02). 
Use of Bt corn in Nebraska 
Most respondents (76.40%) planted Bt corn that expresses proteins that target western 
bean cutworm. Most of the available Bt corn targeting western bean cutworm utilizes the 
Cry1F trait (75%), some hybrids use the Vip3A trait individually or in a pyramid (25%) 
(Difonzo 2017). Corn that utilizes only Cry1F represented 87.5% of the seed types 
planted by respondents;  only 10.13% used Vip3A and 2.36% used a pyramid of Vip3A 
and Cry1F.  
Over 70% of their users reported decreased efficacy (Table 2.2) for four of the top six Bt 
corn hybrids in Nebraska. Of the 16 available hybrids that target WBC, 6 of them account 
for 71.95% of reported Bt corn use. On the reports for these six hybrids, 70.20% of users 
on average reported decreased efficacy. Agrisure Viptera 3111 and 3110, the two hybrids 
with Vip3A, had 10% of cases reported with lower efficacy.   
.  
33 
 
Table 2.1 Bt corn hybrids that are registered to target WBC with Cry1F, Vip3A, or both 
traits. Respondents selected 296 seed types that were planted. Seed types with the reports 
of decreased efficacy above 70% were highlighted in grey. 
 
Trade name Trait 
 # of 
respondents 
indicating 
management 
with trade 
name   
(N=67) 
% Reports 
of lower 
efficacy 
(N=46) 
Herculex XTRA (HXX) Cry1F 48 68.75% 
Herculex 1 (HX1) Cry1F 44 75.00% 
Genuity SmartStax RIB complete Cry1F 33 51.52% 
AcreMax Xtra (AMX) Cry1F 31 70.97% 
AcreMax Xtreme (AMXT) Cry1F 31 74.19% 
AcreMax TRIsect (AMT) Cry1F 26 80.77% 
Agrisure Viptera 3111 Vip3A 18 5.56% 
TRIsect Cry1F 17 70.59% 
Agrisure Viptera 3110 Vip3A 12 16.67% 
Intrasect Cry1F 11 36.36% 
Agrisure 3122 E-Z Refuge Cry1F 6 16.67% 
Intrasect Xtra Cry1F 5 60.00% 
Agrisure Duracade 5222 E-Z Refuge 
Cry1F, 
Vip3A 4 0.00% 
Intrasect Xtreme Cry1F 4 25.00% 
Agrisure Duracade 5122 E-Z Refuge Cry1F 3 0.00% 
Intrasect Leptra 
Cry1F, 
Vip3A 3 0.00% 
Total  296 58.45% 
 
Insecticide use in Nebraska 
Crop consultants were more likely than farmers to have used insecticides for western 
bean cutworm in the 2014-2016 field seasons (X2= 26.92, df= 6, p > .001). Between 2014 
and 2016, 42.50% of crop consultants treated all three years, 30% treated for two years, 
15% treated in only one year, and 12.50% have not used insecticide treatments for 
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western bean cutworm in the last three years. The inverse was true for growers. Between 
2014 and 2016, 9.76% of Growers treated all three years, 12.20% treated for 2 years, 
17.07% treated in only one year, and 60.98% have not used insecticide treatments for 
western bean cutworm in the last three years.  
 
Table 2.2 Insecticides used by respondents between 2014 and 2016. There were 153 
insecticide treatments reported. Highlighted in grey, the most used insecticides had 
reports of low efficacy of about 30-53%. 
Insecticide Name Active Ingredient Class 
# of 
respondents 
indicating 
management 
with this 
insecticide 
% 
Reports 
of lower 
efficacy 
Brigade 2EC Bifenthrin Pyrethroid 43 30.20% 
Hero Bifenthrin                    
Zeta-Cypermethrin 
Pyrethroid 28 53.57% 
Mustang Maxx Zeta-Cypermethrin Pyrethroid 20 30.00% 
Capture 2EC Bifenthrin Pyrethroid 12 16.67% 
Warrior Lambda-
cyhalothrin 
Pyrethroid 11 9.09% 
Lorsban Advanced Chlorpyifos Organothiophosphate 10 0.00% 
Chlorpyifos  Chlorpyifos Organothiophosphate 9 0.00% 
Prevathon Chlorantraniliprole Diamides 7 0.00% 
Pounce 3.2 EC Permethrin Pyrethroid 5 40% 
Hero EW Bifenthrin                    
Zeta-Cypermethrin 
Pyrethroid 3 33.33% 
Bacillus 
thuringiensis 
Bacillus 
thuringiensis 
Biological Insecticide 2 50.00% 
Cobalt Chlorpyifos       
Lambda-
Cyhalothrin 
Organothiophosphate 
Pyrethroid 
1 0.00% 
Mustang EW Zeta-Cypermethrin Pyrethroid 1 0.00% 
Lannate Methomyl Carbamate 1 0.00% 
Asana XL Esfenvalerate Pyrethroid 0 0.00% 
Baythroid XL Beta-Cyfluthrin Pyrethroid 0 0.00% 
Blackhawk 
Naturalyte 
Spinosad 
Fermentation 0 0.00% 
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Dipel Bacillus 
thuringiensis 
Biological Insecticide 0 0.00% 
Force Tefluthrin Pyrethroid 0 0.00% 
FyFanon Malathion Organophosphate 0 0.00% 
Intrepid 2F Methoxyfenozide Diacylhydrazine 0 0.00% 
Proaxis Gamma-
Cyhalothrin 
Pyrethroid 0 0.00% 
Radiant SC Spinoetoram Fermentation 0 0.00% 
Sevin XLR Plus Carbaryl Carbamate 0 0.00% 
Spinosad Spinosad Fermentation 0 0.00% 
Stallion Brand Zeta-cypermethrin 
Choropyrifos 
Pyrethroid        
Choropyrifos 
0 0.00% 
Tracer Spinosad Fermentation 0 0.00% 
Triple Crown Zeta-cypermethrin 
Bifenthrin           
Impidacloprid 
Pyrethroid 0 0.00% 
 
Nearly all of respondents (91.07%) only sprayed one insecticide treatment per season 
during 2014-2016.  Most respondents (80.43%) were also consistent about “always” or 
“usually” checking fields for spider mites prior to insecticide applications to avoid 
secondary infestation.  
There is a significant split among agricultural professionals about whether insecticides 
have been providing less control against western bean cutworm. Over half of the 
respondents (58.93%) reported no change in efficacy. Among those were 88.89% of other 
agricultural professionals, 73.33% of growers, and 48.57% of crop consultants. Among 
the 39.29% that reported decreased insecticide efficacy against western bean cutworm, it 
was 51.43% of the crop consultants and 26.67% of the growers (X2= 13.27, df= 6, p = 
.01). Nearly all the insecticides used by respondents were pyrethroid insecticides 
(81.04%).    
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Consideration for natural enemies 
When agricultural professionals were asked whether they use insecticides that are non-
toxic to predators, 27.27% of respondents “sometimes” used them and 29.55% used them 
rarely. The most common response (31.82%) was, “I don’t know which insecticides are 
non-toxic to predators but if I did I would use those insecticides.” Growers (64.29%) 
were the agricultural professionals that expressed the highest interest in insecticides that 
are non-toxic to predators. Some of the agricultural professionals in Nebraska (10.23%) 
usually use insecticides that are non-toxic to predators.   
Discussion 
A primary finding of this survey is that growers are less involved with scouting and 
western bean cutworm management than crop consultants. It is evident that most growers 
prefer to hire other individuals to scout for western bean cutworm. A survey of growers 
in Illinois supports this finding that 65% of farmers hire a professional pesticide 
applicator to scout before spraying insecticides (Czapar et al. 1995). Wright et al. 1997 
also indicated that Crop consultants are doing much of the scouting and making more of 
the IPM choices for growers.  Even among those growers who scout their own fields 
(32.61%), they are still are less likely than crop consultants to implement recommended 
scouting practices. Among growers there is variation about what is effective scouting. 
Some growers will simply drive by the plants and do a “window check”, while others will 
use recommended scouting techniques (Wright et al. 1997).  This lack of awareness about 
western bean cutworm is also evident in growers’ ability to identify the pest. When 
presented with images of the egg, larval and adult stages, growers demonstrated a 
significant inability to identify the pest. Nearly all crop consultants excelled at practicing 
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proper scouting practices and identifying western bean cutworm at various life stages. 
There is a significant knowledge gap between growers and crop consultants regarding the 
understanding and practices for WBC management.  This knowledge gap may have 
developed because of more specialized roles between growers and crop consultants. As 
agriculture increases in scale, growers take more of an administrative business role and 
rely on specialists like crop consultants to oversee pest management (Czapar et al. 1995). 
Degree day models and light trap survey data are two tools provided by University of 
Nebraska-Lincoln to aid agricultural professionals in Nebraska with scouting for WBC. 
The degree day models for western bean cutworm were improved by Hanson et al. 
(2015), and have been used in Nebraska to predict the flight times of WBC moths and 
subsequent egg-laying. The UNL online publication CropWatch 
(http://cropwatch.unl.edu) has released articles prior to WBC moth emergence to help 
agricultural professionals determine when to begin scouting for western bean cutworm 
(Peterson et al. 2015, Peterson et al. 2016, Peterson et al. 2017).  Despite this resource 
being available, over 50% of respondents do not use degree day models to determine 
when to scout and treat for western bean cutworm. Most individuals who do use degree 
day models feel unsure about how to use the tool effectively. Efforts to educate on the 
use of degree day models may be helpful for the expansion of western bean cutworm 
management. When seeking information about corn rootworm management growers 
prefer to get information from conversations with agronomists, on-farm field days, and 
seed sales people (Wright et al. in progress). Similar information sources would most 
likely also apply for western bean cutworm management. So, for those individuals who 
do not use degree day information, most likely decide when to spray based on 
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professional recommendation or personal experience. Applying this principle, teaching 
growers to use degree day models would be most effective in a workshop rather than a 
publication.   
When crop consultants and growers were asked what types of Bt corn were providing less 
control against western bean cutworm 58.45% of the 296 responses reported decreased 
control. Most of these reports (98.26%) indicated that Cry1F is providing less control 
against western bean cutworm in the 2014-2016 seasons than it has in previous seasons. 
The reports of decreased efficacy are consistent with the findings in Ostrem et al. (2016), 
which confirmed decreased susceptibility of some WBC populations to Cry1F. At its 
introduction, Cry1F provided only around 80% control of western bean cutworm 
(Seymour et al. 2013). This insufficient level of control has allowed some WBC 
populations in Nebraska and Iowa to develop a 5.2 decrease in susceptibility between 
2003 and 2014 (Ostrem et al. 2016). Losing this trait is a major concern for many 
growers, especially considering that 75% of the Bt corn that offers control of WBC only 
implements the Cry1F trait (DiFonzo 2017). There was one report of decreased efficacy 
for Agrisure Viptera 3111 and two reports of decreased efficacy for Agrisure Viptera 
3110; these two hybrids use Vip3A traits. While there are a few reports of decreased 
efficacy, there have been no additional research that supports this claim. It is more likely 
that these responses were due to respondent error rather than actual decreased 
susceptibility.  
Over 1/3 of respondents (41.07%) of reported that there has been decreased insecticide 
efficacy against western bean cutworm in Nebraska. The most reported and most used 
insecticides in Nebraska are pyrethroid insecticides with bifenthrin and/or zeta 
39 
 
cypermethrin as active ingredients. There is not yet research to support the claim that 
insecticides are providing less control against WBC (Montezano et al. 2017). Although 
there is not currently evidence of decreased insecticidal efficacy, there is a need to 
diversify insecticides and modes-of-action in Nebraska to preserve the efficacy of 
pesticides against western bean cutworm.  
Some grower respondents (45%) indicated an interest in using insecticides that were non-
toxic to predators if they knew which insecticides were non-toxic to predators. However, 
crop consultants expressed less interest with only 22.5% expressing a willingness to use 
those insecticides. This willingness to use insecticides that are non-toxic to predators 
offers a future for conservation biological control as part of an integrated pest 
management program for western bean cutworm. This change will be difficult to 
implement while crop consultants make most pest management decisions and growers 
remain uninformed about WBC management.  
For extension efforts to be effective for WBC, it is imperative that crop consultants and 
growers have their needs addressed separately. Crop consultants are competent with 
scouting and WBC management but encouragement to diversify insecticidal mode-of-
action and consideration for predatory insects could be a beneficial focus. For growers, a 
greater understanding of WBC scouting, pest management and encouragement to 
consider insecticides that are non-toxic to predators would all be beneficial for their 
management programs.  
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Chapter 3 : Molecular gut content analysis and feeding trials of key 
arthropod predators of western bean cutworm  
Western bean cutworm (Striacosta albicosta Smith) is as native lepidopteran pest 
of corn and dry beans in Nebraska. The insect has been present in corn and dry bean 
agroecosystems throughout much of North American. Despite its wide distribution it has 
historically only been a consistent economically damaging pest in western Nebraska, 
Kansas, and eastern Colorado. The insect populations began to grow in their native areas 
and migrate to new areas due to pest replacement, climate change and many other reasons 
(Hutchison et al. 2011). Starting in 1999, the range of WBC expanded and now causes 
damage throughout Nebraska, the Eastern Corn Belt, parts of Canada, Texas and Mexico 
(O’Rourke and Hutchinson 2000, Catangui and Berg 2006, Baute 2009, Miller et al. 
2009, Sánchez-Peña et al. 2016). Western bean cutworm (WBC) can cause severe 
damage to harvestable and aborted corn kernels, estimations are 3.7 to 15 bu/ac yield loss 
for one larva/plant. Additional damage can come from the larvae exposing the ear to 
fungal damage (Appel et al. 1993, Seymour et al. 2004, Paula-Moraes et al. 2013, Parker 
et al. 2017). Severe yield loss, and expanding range has made western bean cutworm an 
increasing concern for many stakeholders. Extension efforts have been made to develop 
management programs in Nebraska (Seymour et al. 2004).  
Management of western bean cutworm in Nebraska has emphasized the use of pyrethroid 
insecticides and Bt corn with Vip3A and/or Cry1F traits. There are concerns about the 
efficacy of these management tactics because Cry1F has had a 5.2-fold decrease in 
efficacy for WBC between 2003 and 2014 (Ostrem et al 2016). This concern over current 
management tactics has created a need for other management options. A potential 
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management option is control of western bean cutworm eggs and larvae using natural 
enemies in conservation biological control.  
Conservation biological control could be a valuable option for western bean cutworm 
because the eggs and earlier instar larvae are exposed and susceptible to predation. 
Western bean cutworm adult moths will typically emerge just prior to anthesis and 
oviposit eggs in pre-tassel corn. Eggs are often oviposited in the whorl or on the exposed 
upper surface of corn leaves (Seymour et al. 2004). Larvae hatch to feed on tassel, or 
fallen anthers and pollen that have fallen onto leaf axials and the whorl (DiFonzo 2009). 
The WBC eggs and larvae are vulnerable to predation from searching, generalist 
predators like Coleomegilla maculata adults and larvae, Hippodamia convergens, and 
Chrysopidae larvae (Hajak 2004). Some of these predators eat pollen as an alternate food 
source (Lundgren and Wiedenmann 2004), and will migrate into the fields to consume 
pollen and prey during the time that WBC eggs are being oviposited and early instar 
larvae are feeding (Andow and Risch 1985).  
Laboratory studies by Blickenstaff (1979) indicated that native predators like C. 
maculata, Orius insidiosus and Nabidae sp. feed on WBC eggs and larvae when given as 
prey items. Research for predator feeding on WBC in the field needs to be conducted for 
application of conservation biological control.  
Molecular gut content analysis (MGCA) can be used to determine what predators are 
consuming western bean cutworm in the field. MGCA was done by collecting predators 
in western bean cutworm infested fields, and analyzing their gut contents by extracting 
DNA from the entire sample. Using polymerase chain reaction (PCR)(Ehrlich 1989) and 
species-specific primer sets developed for cytochrome oxidase subunit I (CO-I) 
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sequences, arthropod predators can be tested for WBC DNA (Sheppard and Harwood 
2005). Predators that test positive for WBC DNA show evidence that WBC predation 
was occurring in the field. MGCA provides abundant and accurate data on trophic 
interactions, without the severe limitations of dissection and visual inspection of gut 
contents or frass analysis (Conrad 1959). Despite significant improvements over 
traditional methods, there are limitations for MGCA. Secondary predation, scavenging, 
and contamination cannot be accounted for when using PCR (Juen & Traugott 2000, 
Sheppard & Harwood 2005, Greenstone et al. 2007, Greenstone et al. 2011). Also, it is 
necessary to calculate detectability half-lives for prey DNA in the gut of the predators, 
otherwise predators with slower metabolism may be considered disproportionately 
important for biological control (Greenstone et al. 2007). 
The purpose of this study is to determine what predatory interactions are occurring with 
western bean cutworm in the field and what predators display the greatest potential for 
conservation biological control of WBC. Populations of predators were surveyed in the 
field to determine the diversity and abundance of natural enemies, and how their 
populations fluctuate in field corn during the WBC infestation period. A species-specific 
primer set was designed for the MGCA of predators to detect WBC DNA. The diversity 
and frequency of predation was determined using molecular gut content analysis. H. 
convergens and C. maculata were tested for their preference for feeding on western bean 
cutworm eggs and larvae in the lab. These experiments contribute to the identification of 
natural enemies of western bean cutworm and lay the groundwork for the development of 
conservation biological control as an aspect of western bean cutworm integrated pest 
management.  
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Material and methods 
Field sites 
Field work was conducted in irrigated field corn plots at UNL’s West Central Water 
Resources Field Laboratory in Keith County, Nebraska. In 2015, 60 plots (plot size = 8 
rows by 9.14 m) were planted on 8 June 2015 (41.160657, -102.036013). Each plot was 
assigned in a randomized complete block to one of 15 treatments which varied in seed 
type (non-Bt, Cry1F, or VIP3A expressing), artificial infestation rate (0, 10, 20, or 30%) 
and one insecticide application (Asana [Valent Biosciences, Libertyville, IL] at 5.8 
ounce/ac on 31 July 2015). Natural infestation rates of S. albicosta were assessed by 
visual scouting on July 20, 2015. Approximately 7.3% of the total corn plants inspected 
had naturally oviposited western bean cutworm eggs. Striacosta albicosta egg masses 
were removed or added by artificial infestation using the “sandwich method” (Paula-
Moraes et al. 2012) to reach assigned infestation rates. In 2016, 56 plots (plot size = 8 
rows by 9.14 m) were planted on May 6, 2016 (41.159189, -102.017881). Each plot was 
assigned in a randomized complete block to one of 14 treatments which varied in seed 
type (non-Bt, Cry1F-, or VIP3A-expressing) and artificial infestation rate (0, 8, 16, or 
32%). Natural infestation rates of S. albicosta were assessed by visual scouting on 14 
July 2016 and found to be approximately 5.6%. Striacosta albicosta egg masses were 
removed or added by artificial infestation using the “pollination bag method” (Paula-
Moraes et al. 2013) to reach assigned infestation rates.  
Predator collections 
Potential predators and non-target arthropods were collected by visually searching 15 
randomly selected plants from within the center of each plot. Each plant was inspected 
for a minimum of 30 seconds, with an emphasis on the middle and upper corn leaves and 
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whorl where S. albicosta eggs are most often oviposited. Both adult and immature stages 
of potential predators were collected. Collection dates each year were chosen to 
encompass the full moth flight of S. albicosta, with the first date falling prior to 5% of S. 
albicosta adult emergence, as calculated with a degree-day model (Hanson et al. 2015, 
Peterson et al. 2015, 2016). Sampling occurred on eight dates between 1 July 2015 and 8 
September 2015 and six dates between 29 June 2016 and 17 August 2016. Collections 
took place in the morning between 7:00 AM and 12:00 PM CDT when diurnal insect 
predators were most active. Predators were collected with an aspirator and placed directly 
in a 1.5 mL centrifuge tube (Fisher Scientific, Waltham, MA) filled with chilled 95% 
EtOH to kill the collected insect and preserve DNA. The samples were then stored at -
20°C to decrease the DNA degradation until DNA extraction could be completed. 
Predators were identified to family or genus and species level using distinctive 
anatomical markers with picture keys and analytical keys (Triplehorn & Johnson 2005; 
Iowa State University 2017).    
 Prey population monitoring 
Striacosta albicosta moth flights were monitored using a mercury vapor blacklight 
Ellisco style trap located at the West Central Research & Extension Center in North 
Platte, NE (41.087731, -100.776472). Moths were collected and counted each morning. 
Moth flight data was used as an indicator of when oviposition occurred at the field site.  
Primer development 
Species-specific primer design was initiated by obtaining cytochrome c oxidase I (COI) 
mitochondrial DNA sequences from the target (S. albicosta), as well as species closely 
related to S. albicosta, including other noctuids, common predators, and other common 
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non-target species in the corn agroecosystem. Sequences were acquired from the NCBI 
GenBank database (National Center for Biotechnology Information, Bethesda, MD) for 
67 specimens, including 6 S. albicosta, 44 noctuid or related lepidopterans, 15 predators 
and 2 coleopteran corn pests. These sequences were aligned using multiple sequence 
comparison by log-expectation (MUSCLE; Edgar 2004). Sequences were edited and 
potential primers identified using BioEdit version 7.2.5 (Hall 1999, Ibis Biosciences, 
Carlsbad, CA). Potential primer pairs were chosen with amplicon lengths of 100-300 bp 
and primer lengths of 21-27 bp and analyzed using Primer3 (Koressaar & Remm 2007; 
Untergasser et al. 2012). Primer sets that had sufficient amplicon and primer length were 
ordered from Integrated DNA Technologies (IDT, Coralville, IA). Primers were tested 
for S. albicosta specificity using temperature gradient PCR to determine optimum 
annealing temperature. Then primers were tested against DNA extractions from 71 non-
target insects to insure S. albicosta species-specificity (Supplemental Table 1).  
DNA extraction and PCR 
DNA was extracted from all samples using DNeasy Blood and Tissue Kits (Qiagen 
Company, Hilden, Germany). Samples were removed from -20°C freezer and excess 
EtOH was removed from the 1.5 mL centrifuge tubes. Samples were heated on an 
Eppendorf ThermoMixer F1.5 (Hamburg, Germany) at 56°C for approximately 45 
minutes. After excess alcohol evaporated from the samples, 180 µL of ATL buffer and 20 
µL of proteinase K were added to the tubes and samples were homogenized using 
polypropylene pestles (Kimble-Chase, Vineland, New Jersey). The samples were 
incubated at 56°C for at least 8 hours. Following incubation, samples were centrifuged 
and votexed with 400 µL of a 1:1 solution of Buffer Al and 95% EtOH. Mixture was 
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transferred to spin columns and flow-through was discarded after centrifuging for 14000 
RPM. Filters were replaced in new spin columns and 500 µL of Buffer AW1 was ran 
through the spin column at 14000 RPM for 1 minute. Liquid was discarded and new spin 
columns were put on the filter. The filter was again purged using 500 µL of Buffer AW2 
at spun through at 14000 RPM for 3 minutes. Collection tubes were put on the fliter and 
DNA was removed from the filter with 100 µL Buffer AE centrifuged at 12000 RPM for 
1 minute. The last step was repeated twice. Extracted DNA samples were stored at -20°C 
until used during PCR.  
The presence of S. albicosta DNA in extracted samples was determined by PCR. Samples 
and reagents were defrosted from the -20°C freezer and contents were resuspended by 
gentle inversion. Reagents were combined in an autoclaved 1.5 ml centrifuge tube and 23 
μL of PCR mix was aliquoted into each autoclaved 100 μL microcentrifuge tube. Each 
aliquot consisted of 17.375 μL ddH20; 2.5 μL 10X EX Taq buffer with 20mM MgCl2 
(Takara Bio Inc, Japan); 2 μL dNTP mixture with 2.5mM per dNTP (Takara Bio Inc, 
Japan); 0.5 μL each 1x concentration forward (F1-221) and reverse (R2-491) primer; and 
0.125 μL Takara Ex Taq DNA polymerase (Takara Bio Inc, Japan). Each tube received 2 
μL of template DNA from an individual sample or positive control to yield a total volume 
of 25 μL per reaction.  
PCR was performed in a T100™ thermal cycler (Bio-rad laboratories, Hercules, 
California).  The PCR program began with an initial denaturing step at 94°C for 1 
minute, followed by 40 cycles of 94°C for 1-minute (denaturing), 48°C for 45 seconds 
(annealing), and 72°C for 45 seconds (extension), with a 10-minute cool down at 72°C 
prior to completion of the reaction.  
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Reactions were scored as positive or negative for S. albicosta DNA using visualization by 
gel electrophoresis. A 2% agarose gel was stained with GelRed (Biotium, Fremont, 
California) at a concentration of 5 μL GelRed per 100 ml agarose gel solution. Each PCR 
product was stained with 2 μL of 6X blue loading dye (Promega, Madison, WI) and 10 
μL of stained PCR product was loaded into each well, along with 3 μL of 1000 kb DNA 
ladder (Thermo Fisher Scientific, Waltham, Massachusetts) to measure fragment lengths. 
The gel was run for 40 minutes at 120 V in 0.8X TAE buffer.  Samples were analyzed 
using Gel Doc™ XR+ system for gel documentation and Bio Rad imaging software for 
processing images (Bio Rad Laboratories, Hercules, California).  
Decay rate and prey consumption trials 
Adult H. convergens and C. maculata were collected from field corn plots at the West 
Central Research & Extension Center in North Platte, Nebraska (41.089395, -
100.773069) and reared in the laboratory on a diet of Ephestia kuehniella Zeller 
(Lepidoptera: Pyralidae) eggs. Prior to feeding trials, adult lady beetles were placed 
individually into 100 X 15mm Petri dishes and starved for 48 hours by providing only 
floral foam that was saturated in diH2O (Greenstone et al. 2007). Following starvation, 
each adult was transferred to a new 100 X 15 mm Petri dish and given either 25 S. 
albicosta eggs on a piece of field corn leaf or 10 1st instar S. albicosta larvae, as well as 
floral foam saturated in diH2O. The beetles were observed for 1 hour to confirm that 
feeding occurred. Lady beetles that were not observed to be feeding two or more times 
during this hour were excluded from the study. Following the 1 hour feeding period, lady 
beetles were transferred to new 100 X 15 mm Petri dishes with diH2O saturated floral 
foam and E. kuehniella eggs. Beetles were sacrificed by placing into chilled 95% EtOH at 
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one of eight-time intervals (n=4): 0, 3, 6, 9, 12, 18, 24, and 36 hours post-feeding and 
stored at -20°C.  
Decay rate was determined by using a logistic regression comparing the proportion of 
lady beetles that tested positive for WBC DNA as the Y variable and the post-feeding 
sacrifice time intervals as the X variable. The logistic regression was produced by the 
glm function and a family: binomial in R (R core team 2016). AIC was used as an 
indicator of fit of the data to the model. The detectability half-life was determined by 
time when 50% of samples at an assigned time interval tested positive for WBC DNA.  
The C. maculata and H. convergens specimens were compared in a prey consumption 
study. Specimens were compared on the proportion of beetles that fed and the number of 
eggs or larvae that were consumed. After the predator was removed from the petri-dish 
with western bean cutworm eggs the contents of the dish were analyzed. The eggs that 
were consumed in each dish were analyzed under the microscope for chewing mouthpart 
damage to the chorion. Specimens that were recorded feeding two or more times were 
counted as feeding and used to calculate the percentage fed. The average egg 
consumption for each species was calculated by removing non-feeding specimens and 
taking an average. Standard deviation was also calculated using only data from 
specimens that fed. F-statistics and P-value were calculated via ANOVA using the AOV 
function in R statistical software (R core team 2016). Species of beetle was the 
independent variable and the number of eggs consumed was the dependent variable. 
Alternative food study  
 Adult C. maculata were collected from a sweet corn field in Keith County, Nebraska 
(41.103618, -101.821461). Adults were moved into separate 100 X 15mm Petri dishes, 
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provided with a small cube of floral foam that was saturated in diH2O and starved for 48 
hours (Greenstone et al. 2007). Each adult was transferred to a new 100 X 15 mm Petri 
dish with treatments of either 25 S. albicosta eggs or 25 S. albicosta eggs plus 
approximately 0.1 mg field corn pollen. Pollen was collected by removing entire corn 
leaves from Bt field corn adjacent to the 2016 field plots. Pollen was removed from the 
corn leaf in the lab using brushes, homogenized in a collection dish and distributed to the 
100 X 15 mm Petri dishes. C. maculata adults were assigned to feed for 3 hours (n=32) 
or 6 hours (n=64). The number of eggs fed on by C. maculata was recorded by observing 
the eggs under a microscope. Eggs with partially or completely consumed chorion were 
recorded as eggs consumed. Eggs consumed per beetle were counted and assigned as a 
dependent variable. Feeding time and the presence or absence of pollen were independent 
variables. The collected data was considered count data and is best analyzed in a Poisson 
distribution. A negative binomial DIST=NEGBIN was introduced into the Model 
statement in the Poisson distribution to correct the overdispersion due to high due to 
heterogeneity between specimens (SAS 2017).  The significance of feeding time and the 
presence of pollen in determining egg consumption was calculated using SAS version 9.4 
for Windows (SAS institute Inc. Cary, NC, USA).  
Results 
Predator collections & prey population monitoring  
A total of 595 predators were collected from field plots over the course of the 14 
collecting dates in 2015 and 2016 (Table 3.1). A greater number of samples were 
collected in 2015 (n=319) than 2016 (n=276). Predators were identified from 21 separate 
taxa from five orders: Coleoptera, Hemiptera, Neuroptera, Araneae and Thysanoptera 
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(Table 3.1) . The most abundant predators were Hippodamia convergens, Orius 
insidiosus, Coleomegilla maculata, and Chrysopidae adults.  
 
Table 3.1 Families and select species of potential natural enemies of Striacosta albicosta. 
Collected at corn field sites in western Nebraska during the S. albicosta flight in 2015 and 
2016 
Class Order Family Species 2015 2016 Total 
Arachnida Araneae Linyphiidae   1 1 
  Philodromidae  3  3 
  Salticidae  6 2 8 
  Tetragnathidae  16 2 18 
  Thomisidae  5 5 10 
Insecta Coleoptera Carabidae   1 1 
  Coccinellidae  
Coccinella 
septempunctata 2 7 9 
   Coleomegilla maculata 45 29 74 
   
Coleomegilla maculata 
larvae 8 6 14 
   Cycloneda munda  1 1 
   Hippodamia convergens 100 107 207 
   Hippodamia parenthesis 4 2 6 
  Elateridae  1  1 
  Lampyridae  4 16 20 
  Staphylinidae  4 1 5 
 Hemiptera Anthocoridae Orius insidiosus 32 46 78 
  Berytidae  1  1 
  Geocoridae   1 1 
  Nabidae  7 4 11 
 Neuroptera Chrysopidae  44 9 52 
  
Chrysopidae 
larvae  7 8 15 
 Thysanoptera Aeolothripidae  30 2 32 
 
The peak collection day for western bean cutworm moths was 287 on July 7, 2015 
(Figure 3.1A). Peak moth flight was slightly lower in 2016 with 197 moths collected on 
July 14, 2016 (Figure 3.1B). 
51 
 
 
 
Figure 3.1 . Comparison of the relative abundance of collected predator species and S. 
albicosta moths that were collected in light traps at North Platte, Nebraska. The line 
represents the S. albicosta flight period and the bars represent the number of predators 
that were collected on each collection date. (A) is for the 2015 collecting dates and (B) is 
for the 2016 collecting dates. Corn growth stage as calculated by degree days is indicated 
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with a “Vn” for Vegetative stage and number. Reproductive growth stages for corn are 
indicated with “Rn” for reproductive stage and number.  
 
In 2015, there was a strong association between western bean cutworm moths collected in 
light traps and the populations of predators that were collected in the field (Figure 3.1A). 
On the peak moth collection day of July 15, 2015, there were also peak collections for 
Hippodamia convergens (41), Coleomegilla maculata (22), and Chrysopidae adults (27). 
It was also one of the highest collection days for other predators including: Orius 
insidiosus (8) and Tetragnathidae (4).  
There appears to be less population association in 2016 than in 2015 (Figure 3.1B). The 
peak moth collection day was on July 14th, 2016. Peak H. convergens (36) and high 
number of C. maculata (8) were collected July 6, 2016, a week prior to population peak 
for western bean cutworm moths. H. convergens populations continued to be high but 
had a steady decline with the end of western bean cutworm moth collection. Most other 
predator populations remained low during 2016, except Orius insidiosus (31) which 
peaked after the western bean cutworm moth collection period on August 2, 2016 
collection date.  
In 2015, many of the top predators, H. convergens, C. maculata and Chrysopidae were at 
peak population levels in early growth stage corn between V7 and V11. Populations 
declined just prior to the VT stage and then rebounded in the R1 stage but not to levels 
earlier in the season. Orius insidiosus populations were at their highest in the R1 stage.  
In 2016, predator populations were slightly different in relation to corn growth stage. 
Hippodamia convergens was at its peak around V15 and declined steadily after VT and 
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pollen shed. Coleomegilla maculata populations appeared at V15 and remained low but 
present during VT, pollen shed and reproductive stages. The C. maculata predator 
population peaked late in the season around the R4 corn growth stage. Orius insidiosus 
demonstrated a strong association with late season corn growth stages in both 2015 and 
2016. The minute pirate bug populations reach their peak in the R1-R4 corn growth 
stages in both years.  
Primer development 
Primer set F1-221 and R2-491 targeting the CO-I gene had the best performance for the 
amplification of S. albicosta DNA (Table 3.2). This primer pair had an amplicon length 
of 270 base pairs. The primer was tested against 71 non-target samples (Supplemental 
Table 1) and showed no false positives. When tested for detection window, H. 
convergens had a detection window of 0-3 hours and for C. maculata adults there was 
detection window of 0-6 hours. Half-lives were 1.2 hours and 4.9 hours, respectively 
(Figure 3.2). 
 
Table 3.2 Western bean cutworm specific primers using CO-I genes 
Name Direction  Length Tm Sequence 
F1-221 Forward 25 57.64 TGGTAATTGATTAGTACCCCTAATG 
R2-491 Reverse 25 54.98 AAATAAAGGTATTTGATCAAATGAC 
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Figure 3.2 Logistic regression for decay rate of western bean cutworm DNA in two lady 
beetle species C. maculata (A) and H. convergens (B). (A) Logistic regression indicated a 
half-life of 5 hours, The covariance has of time interval and proportion positive has an 
estimate of -.868, a Z-value of -1.10, and Pr(>|z|) of .271. There was an AIC of 5.1503. 
(B) Best fit line was a logistic regression with an estimate of -.698, a Z-value of -.950, 
and Pr(>|z|) of .342. The AIC for the fit of the model to the data was 5.294. Half-life for 
DNA detectability was 1.2 hours.  
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From the 595 samples processed, 8 predator samples (1.3% of total predators collected) 
tested positive for western bean cutworm DNA (Table 3.3).  Most of the positive samples 
were from later in the season in 2015.  
Table 3.3 The number of predators that tested positive for S. albicosta DNA in molecular 
gut content analysis on collection dates. 
 Date Collected  
Taxa 8/5/2015 8/12/2015 7/20/2016 Total 
Coccinella 
septempunctata 1   1 
Hippodamia convergens 1 1 1 3 
Hippodamia parenthesis 1   1 
Orius insidiosus  1  1 
Salticidae 1   1 
Tetragnathidae 1   1 
Grand Total 5 2 1 8 
  
Egg prey consumption trials 
Coleomegilla maculata consumed significantly more WBC eggs and larvae than H. 
convergens. Of the two predators, C. maculata was more willing to feed on WBC eggs 
and larvae when presented (Table 3.4, Table 3.5). In table 3.4, when 44 convergent lady 
beetles were presented with WBC eggs, 45% of the beetles feed on the eggs. The number 
of specimens that fed is significantly higher for C. maculata at 81.82%. When the 
number of eggs consumed was compared between beetle species, C. maculata consumed 
significantly more eggs on average (17.05) than H. convergens (12.15).  
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Table 3.4 Consumption trials of key predators C. maculata and H. convergens on S. 
albicosta eggs. N= the number of lady beetles included in the study and observed for 
number of times feeding. Percentage fed is the ratio of adult beetles of each species that 
fed on eggs out of the total number of specimens. Average eggs eaten is the average 
number of eggs consumed by specimens that feed on eggs. 
Predator Species N % Fed 
Average eggs 
eaten (±SEM) F value P(>F) 
Hippodamia convergens 44 45.45 12.15 ± 6.34 8.866 0.004 
Coleomegilla maculata 44 81.82 17.05 ± 5.47   
 
 
In table 3.5, significantly more C. maculata consumed WBC 1st instar larvae than H. 
convergens. Only 18.18% of the H. convergens in the study consumed WBC larvae when 
provided as food items. Nearly 90% of C. maculata (87.88%) fed on the larvae. When H. 
convergens did feed on larvae it was an average of only one larvae. The response was 
very different from C. maculata, which consumed an average 6.62 larvae in one hour. 
Coleomegilla maculata demonstrated a higher propensity for feeding on WBC eggs and 
larvae than the simliar and abundant H. convergens.  
 
Table 3.5 Comparison of larvae consumption by H. convergens and C. maculata. N is the 
number of beetles of each species that were included in the initial experiment. Percentage 
feed is the number of specimens that feed on 1st instar S. albicosta larvae out of the total 
number of specimens. The average larvae eaten is the number or larvae eaten by those 
specimens that fed larvae.   
Predator Species N 
% 
Fed 
Average Larvae 
eaten (±SEM) F value P(>F) 
Hippodamia convergens 22 18.18 1 ± 0 38.76 <0.001 
Coleomegilla maculata 33 87.88 6.62 ± 1.75   
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Figure 3.3 Comparison of Coleomegilla maculata and Hippodamia convergens feeding 
on (A) S. albicosta egg masses and (B) S. albicosta larvae. 
 
Alternative food study  
Figure 3.4 shows that pollen does not have a significant impact on overall predation of 
western bean cutworm eggs by C. maculata. At 3 hours of feeding opportunity, egg 
consumption by C. maculata with pollen and eggs was considerably lower than samples 
without pollen. However, by 6 hours of feeding opportunity that difference was no longer 
significant and the eggs consumed was nearly the same.  
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Figure 3.4 Average number of eggs consumed by C. maculata with treatments of pollen 
and no pollen at 3 hours and 6 hours. Pollen did not contribute significantly to egg 
consumption (F-value= 1.75, P(>F) = 0.1888). Time has a marginally significant effect 
on egg consumption (F-value=3.77, P(>F) = 0.0552).  
 
Discussion  
Both molecular gut content analysis and visual confirmation while scouting have verified 
that predation of western bean cutworm takes place in the field. In 2015, C. maculata was 
observed on three separate occasions feeding on western bean cutworm eggs in field 
corn. In 2016, there were visual confirmations of O. insidiosus and Chrysopid larvae 
feeding on egg masses (Fig 3.5). Additional evidence for in-field predation included 
WBC egg masses with partially consumed or deflated chorion. The deflated chorion 
59 
 
indicated damage from insects with piercing sucking mouthparts i.e. O. insidiosus and 
consumed chorion indicated chewing mouthpart damage from Coccinellidae species. 
 
Figure 3.5 Deflated WBC eggs from piercing-sucking mouthparts of Chrysopidae larvae. 
Photo Cred: Julie Peterson, July 21, 2016 
Molecular gut content analysis of collected predators indicated only 1.3% of predators 
fed on WBC in the field ecosystem. In 2015, the predators tested positive for WBC DNA 
later in the season, so larvae would have been in 3rd or 4th instar based on a peak moth 
flight date of July 15th, 2015 and counting 6-8 days as eggs and 5-6 days per instar. In 
2016, the WBC life stage consumed by a H. convergens adult would have been eggs or 
1st instar larvae if calculations were based on peak moth flight date July 14th, 2016.  
 There are many explanations for this low representation of predation in the field. First, 
detection windows for C. maculata and H. convergens were short compared to other 
studies which identified detectability half-life for the consumption of other pests (Figure 
3.2). The detection window of H. convergens was only 3 hours and had a detectability 
half-life of 1.2 hours. The detection window for C. maculata was 6 hours with a 
detectability half-life of 5 hours. Previous studies have shown that C. maculata had a 
detectability half-life of 7 hours for L. decemlineata (Greenstone et al. 2007, 2010). 
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Another study on the half-life of H. convergens with pea aphid determined a half-life of 
8.78 hours (Chen et al. 2000). Compared to other studies these short detection windows 
may limit opportunities to identify in-field predation on WBC. All collections were 
conducted in the morning between 7 A.M.-12 P.M.; for predation to be detected by 
MGCA for C. maculata or H. convergens, the specimen would have had to consume 
WBC during the early hours of morning or during the collection time. This limited 
window decreases the likelihood of detecting actual predation (Harwood and Greenstone 
2008).  
Another possible explanation for low WBC DNA detectability is that samples were 
collected from a small infestation area within each plot. Increased human activity and 
environmental modification may have influenced predation in the collecting area.  
The last explanation is that in-field predation of western bean cutworm was low. There 
may have been a lack of synchrony between predators and WBC, a strong preference for 
alternate foods, or low searching from predators.  
 Feeding trials indicated that 45.45% of tested H. convergens fed on WBC egg masses 
with an average of 12 eggs consumed in an hour. In MGCA, this predator tested positive 
for WBC on three separate survey dates and possibly fed on egg, early instar or late instar 
WBC. Past studies have determined that H. convergens will feed on eggs of various 
lepidopteran species including Ostrinia nubilalis (Hübner) and Heliothis virescens (F). A 
comparison of various corn agroecosystem predators determined the convergent lady was 
the second highest consumer of O. nubilalis eggs with .077 egg masses per day (Andow 
1990). Ables et al. (1979) identified H. convergens as one of the main predators of H. 
virescens eggs in cotton, and determined there was a positive relationship between egg 
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density and number of eggs consumed by H. convergens. McDaniel and Sterling (1979) 
also identified H. convergens adults as a predator of H. virescens in cotton, the beetle 
consumed an average of 9.1 32P radioactive marked eggs. There is a association between 
H. convergens and S. albicosta emergence (Fig 3.1). July 15th, 2015 was the peak moth 
flight day as well as the peak collection day for convergent lady beetle. While H. 
convergens does not consume the highest number of eggs it is possible that its 
substantially higher populations allow it to provide a level of control against western 
bean cutworm.  
There appears to be a relationship between corn anthesis, western bean cutworm, and C. 
maculata. Around the time of corn anthesis, C. maculata abundance reaches its peak, and 
the lady beetle larvae can develop 3 or 4 instars on pollen alone (Grodon et al. 1990, 
Lundgren and Wiedenmann 2004). Western bean cutworm moth flight also begins to 
peak around the time of corn anthesis, eggs are laid on the upper leaves of the corn plant, 
and early instar larvae feed on pollen, fallen anthers and tassel (Paula-Moraes et al. 
2012). There does not appear to be a predator-prey synchrony between western bean 
cutworm and C. maculata but both species appear to have synchrony with corn pollen 
because it is an important part of the species diets. Figure 3.1 shows that both species 
reached peak populations at nearly the same time in both 2015 and 2016.  
There also is a relationship between O. insidiosus and corn pollen. In both 2015 and 
2016, O. insidiosus populations increased in late July and early August to feed on pollen 
and in one case from MGCA on WBC larvae. Corey et al. 1998 indicated a similar 
finding: O. insidiosus begin to feed on corn pollen during tasseling and the 2 to 3 weeks 
of pollen shed and then transitioned to multiple food sources including corn earworm, 
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corn borer eggs, and larvae. The level of predation on these food sources was not 
significant for control. This same association between corn pollen and insidious flower 
bugs was present in this study for 2015 and 2016.  
There is debate about whether the presence of increased pollen during anthesis decreases 
the ability of C. maculata to feed on pest eggs and aphids (Michaud and Grant 2005). 
Corn anthesis brings in C. maculata adults to the agroecosystem, and ubiquitous 
distribution of corn pollen slows lady beetle emigration and results in higher oviposition 
and predation (Andow and Risch 1985).  Corn pollen seems to have a greater effect on 
the predation of some insect species more than others. An experiment with Helicoverpa 
zea (Boddie) eggs in tasseled and de-tasseled sweet corn plots showed that in the 
presence of corn pollen, egg consumption was severely decreased (Cottrell and Yeargan 
1998). A study with Ostrinia nubilalis indicated that the presence of pollen in sweet corn 
decreased C. maculata consumption of European corn borer egg masses (Conrad 1959). 
In laboratory studies with Leptinotarsa decemlineata (Say) there was no change in 
functional response when C. maculata adults were given pollen as an alternative food in 
addition to Colorado potato beetle eggs (Hazzard and Ferro 1991). Gut content analysis 
of C. maculata and Harmonia axyridis collected in corn fields in Indiana indicated that 
the majority of C. maculata adults and larvae had consumed mostly pollen, while most H. 
axyridis had consumed insect prey (Lundgren et al. 2004).  
This study found there is variation in how C. maculata responds to prey items in the 
presence of corn pollen. At three hours, fewer eggs had been consumed in the pollen 
treatments than the no pollen treatments but at six hours observation the number of eggs 
consumed with and without pollen treatments had become nearly equal. This finding 
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suggests that C. maculata adults become satiated feeding on corn pollen and select 
western bean cutworm eggs as a prey item. This could be an indication that the predator 
is self-selecting for a mixed diet to better meet its nutritional needs (Waldbauer and 
Friedman 1991). Further research will be necessary to determine if this hypothesis is 
consistent in the field.  
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Chapter 4 : Conclusions 
There were two primary objectives for this study:  
1. Use an online survey to determine Nebraska stakeholder concerns, understanding 
and practices for WBC pest management.  
2. Identify natural enemies of WBC using predator surveys, feeding trials and 
molecular gut content analysis 
 
Objective 1 
The survey was a useful tool for identifying concerns and practices of growers and crop 
consultants in Nebraska. It was widely distributed to the Nebraska Independent Crop 
Consultant Association and the Nebraska Corn Board. There were 121 surveys started 
and 94 completed. Responses were split nearly evenly between crop consultants and 
growers. Respondents’ answers and comments highlighted their main concerns: changing 
western bean cutworm pest status and decreased efficacy of Cry1F. Many respondents 
reported that WBC was becoming a new problem in their fields. Survey responses 
indicated that the number of respondents who experienced 3-14 bu/ac yield loss increased 
consecutively from 2014 to 2016. Decreases in Cry1F efficacy has become a major 
concern for many stakeholders because the most common brands in Nebraska for WBC 
management only utilize the Cry1F trait.  
For extension efforts to be effective for WBC, it is imperative that crop consultants and 
growers have their needs addressed separately. Crop consultants are competent with 
scouting and WBC management but encouragement to diversify insecticidal mode-of-
action and consideration for predatory insects could be a beneficial focus. For growers, a 
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greater understanding of WBC scouting, pest management and encouragement to 
consider insecticides that are non-toxic to predators would all be beneficial for their 
management programs.  
The survey did its task of identifying the concerns of stakeholders around the state for 
western bean cutworm management. Efforts to communicate and teach growers and crop 
consultants will allow extension to address management concerns. 
Objective 2 
Molecular gut content analysis of 596 predators revealed low levels of predation on 
western bean cutworm in the field. The most abundant predation was H. convergens and 
it also fed on WBC more than any of the other predator species. Based on molecular gut 
content analysis C. maculata was not represented among those species that feed on WBC 
in the field. However, there was visual confirmation of predation in the field and in the 
lab, it was a voracious feeder on WBC eggs and larvae. Due to short detection windows 
from common predators it may be beneficial to collect predators at variable times in the 
day including late afternoon and night. Sentinel prey observations and other in-field 
studies shed additional insight into the level of predation occurring in the field. Molecular 
gut content analysis is a powerful tool for determining predation but the primers designed 
to detect WBC did not always perform consistently. More advanced molecular techniques 
like real-time PCR may provide a better understanding of predatory relationships in the 
field. Some of the samples which tested positive for WBC were Salticidae and 
Tetragnathidae. The trophic interactions between spider species and WBC is unknown 
but is currently being researched by the Agroecosystems Entomology Lab at UNL.  
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There are multiple natural enemies present in corn agroecosystems that feed on 
lepidopteran eggs and provide a level of control in other pest systems. Lady beetles, 
spiders, and other predators may have valuable contributions to western bean cutworm 
management and will help agricultural professionals, extension specialists, and the 
American people reach their goals of decreased insecticide use and agriculture that is 
both sustainable and cost-effective.  
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APPENDIX 
Supplemental Table 1 1 Non-target insects collected from field site during 2015-
2016 collecting seasons. Used to test WBC primer specificity 
Taxon  # tested 
Anthomyiidae 3 
Aphididae 3 
Byturidae 1 
Chalcididae 2 
Chironomidae 2 
Chloropidae 1 
Chrysididae 1 
Chrysomelidae 2 
Cicadellidae 3 
Crambidae 1 
Culicidae 1 
Curculionidae 1 
Diabrotica virgifera virgifera 1 
Dytiscidae 1 
Formicidae 1 
Hymenoptera 1 
Leptinotarsa decemlineata 1 
Meloidae 5 
Melyridae 2 
Miridae 16 
Mordellidae 3 
Mycetophilidae 3 
Phoridae 1 
Syrphidae 2 
Tephritidae 2 
Thripidae 6 
Tipulidae 1 
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Supplemental File 1 
Western Bean Cutworm Management Survey 
Consent for western bean cutworm management survey     
Purpose of Research: The purpose of this research is to determine growers’ and crop 
consultants’ understanding of western bean cutworm management. Using this 
information, we will be able to improve our extension efforts and better serve the needs 
of growers throughout Nebraska. Participants must be 19 years of age or older and a 
grower or crop consultant to participate in this online survey.   This survey is completed 
online and is supported by Qualtrics.      
 
Duration of Participation: The online survey will take around 20 minutes to complete.       
Risks: There is no known risk or discomfort associated with this research.       
 
Confidentiality of Responses: Your responses and personal information will be kept 
completely confidential. Responses are encrypted and are stored on secure Qualtrics 
servers. Responses are only accessible to researchers and will only be used for research 
and extension purposes. Survey results will be presented in academic and extension 
settings.      
 
For information regarding Qualtrics privacy policy please use the following 
link.  https://www.qualtrics.com/privacy-statement/       
 
For information regarding Qualtrics security policy please use the following link.   
https://www.qualtrics.com/security-statement/       
 
Benefits: By participating in this survey you will improve management efforts for 
western bean cutworm in Nebraska.      
 
Compensation: Your completion of the survey and checking the box at the bottom of the 
page will enter you into a drawing for two 2017 UNL Husker football game tickets. 
Winners will be selected from those that complete the survey. The winner will be 
80 
 
contacted by email no later than May 2017. Odds of winning are approximately 1 in 
300.      
 
Freedom to Withdraw: Participation in this survey is voluntary. You can refuse to 
participate or withdraw at any time without harming your relationship with the 
researchers or University of Nebraska-Lincoln. You will in no way receive a penalty or 
loss of benefits to which you are otherwise entitled.       
 
Opportunity to Ask Questions: You may ask questions regarding the survey by contacting 
Westen Archibald at westen.archibald@gmail.com or Dr. Julie Peterson at 
julie.peterson@unl.edu. If you would like to speak to someone else please contact the 
Research Compliance Services office at (402) 472-6965 or irb@unl.edu.     
 
 
 
Consent to Use Survey Response: By continuing with this survey you indicate that you 
have read and understand the consent form.  You also give your consent that your survey 
answers can be used for research and extension purposes.    
 
(IRB#20160816253 EX)    
 
You should print or save a copy of this consent form for your records. 
 I would like to be entered into the drawing for UNL football tickets 
 
This survey is designed for agricultural professionals who have dealt with management of 
the insect pest western bean cutworm in corn (field corn, white corn, popcorn, or 
sweetcorn) or dry edible beans.  
 
What is your age today?  
 19-30 
 31-45 
 46-64 
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 65 and greater 
 
 How long have you been an agricultural professional? 
 0-5 years 
 6-10 years 
 11-20 years 
 Greater than 20 years 
 
What is your occupation related to crop management? 
 Grower 
 Crop Consultant 
 Other 
 
Do you make management decisions concerning western bean cutworm on properties you 
manage? 
 Yes 
 No 
 
General questions: The following questions are meant to help us learn about your 
experience with western bean cutworm during the 2014-2016 growing seasons. These 
questions will help us to understand how much damage western bean cutworm caused 
during that most recent growing seasons across the state of Nebraska.   
 
In what counties, have you managed fields during the past 3 growing seasons (2014-
2016)? 
 
Answer the following questions about the average acres planted and yield during the 
2016 growing season.   
Acres of irrigated field corn 
Average crop yield (bushels/acre) in the irrigated field 
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Acres of non-irrigated field corn 
Average crop yield (bushels/acre) of the non-irrigated field corn 
Acres of dry edible beans 
Average crop yield (bushels/acre) of the dry edible beans 
 
Answer the following questions about the average acres planted and yield during the 
2015 growing season.   
Acres of irrigated field corn 
Average crop yield (bushels/acre) in the irrigated field 
Acres of non-irrigated field corn 
Average crop yield (bushels/acre) of the non-irrigated field corn 
Acres of dry edible beans 
Average crop yield (bushels/acre) of the dry edible beans 
 
Answer the following questions about the average acres planted and yield during the 
2014 growing season.   
Acres of irrigated field corn 
Average crop yield (bushels/acre) in the irrigated field 
Acres of non-irrigated field corn 
Average crop yield (bushels/acre) of the non-irrigated field corn 
Acres of dry edible beans 
Average crop yield (bushels/acre) of the dry edible beans 
 
 What is your experienced yield loss in field corn due to western bean cutworm in the 
2016 growing seasons? 
 15 or greater bushels/acre 
 3-14 bushels/acre 
 1-2 bushels/acre 
 I did not experience noticeable yield loss from western bean cutworm in 2016 
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 What is your experienced yield loss in field corn due to western bean cutworm in the 
2015 growing seasons? 
 15 or greater bushels/acre 
 3-14 bushels/acre 
 1-2 bushels/acre 
 I did not experience noticeable yield loss from western bean cutworm in 2015 
 
 What is your experienced yield loss in field corn due to western bean cutworm in the 
2014 growing seasons? 
 15 or greater bushels/acre 
 3-14 bushels/acre 
 1-2 bushels/acre 
 I did not experience noticeable yield loss from western bean cutworm in 2014 
 
Scouting: Before applying an insecticide treatment for western bean cutworm it is 
recommended to scout your fields for egg masses. Scouting allows you to predict the 
level of WBC infestation in your fields to know whether to use an insecticide treatment. 
This is a great way to save time and money by not spraying unnecessary insecticides.   
 
Who does the scouting in the corn fields you manage? 
 I do the scouting 
 I have someone else do the scouting but I am involved in the management program 
 I do not do scouting (no one scouts the fields) 
 I don't know 
 
Select the box(es) for each of the western bean cutworm scouting practices in corn you 
have done during the past 3 growing seasons (2014-2016). Select all that apply.  
 Check 20 plants in at least 5 parts of each field 
 Use the light trap data published by the online by University of Nebraska- Lincoln 
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 Use pheromone traps or light traps to see when western bean cutworm moths are 
flying 
 Place pheromone traps or light traps in June before adults begin laying eggs 
 Scout fields before or during pollen shed 
 Look for western bean cutworm egg masses on upper surfaces of leaves and whorl 
 Scout multiple fields for western bean cutworm 
 Scout at least once a week starting in late June 
 Continue scouting for 7-10 days after detecting western bean cutworm 
 
How effective are your scouting practices at informing you about western bean cutworm 
presence in your corn fields? 
 Extremely effective 
 Somewhat effective 
 Ineffective 
 Very ineffective 
 I don't know 
 
Identify the western bean cutworm egg mass. 
 Image:Fall armyworm eggs 
 Image:Picture2 
 Image:Picture4 
 Image:20160706 103026  2 
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Identify the western bean cutworm larva. 
 Image:Picture5 
 Image:Picture6 
 Image:Picture8 
 Image:Picture7 
 
 
 
Identify the western bean cutworm adult 
 Image:Corn wbc moth 
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 Image:Picture9 
 Image:Picture10 
 Image:Picture12 
 
 
Degree day models can be used to predict when certain insects will begin laying eggs. 
For western bean cutworm, we can use this model to predict a percentage of adult moths 
that will be flying and laying eggs.  
 
Select the option that most applies to your use and confidence of using degree day 
models. 
 I use degree day models and I feel confident on how to use them effectively. 
 I have used degree day models before but I am not confident on how to use them 
effectively 
 I have never used degree day models 
 
What percentage moth flight (adult moths flying and laying eggs) do you begin scouting 
in corn? 
 0-25% 
 26-50% 
 51-75% 
 76-100% 
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 I do not use percent moth flight as an indicator when I scout for western bean 
cutworm 
 I do not scout for western bean cutworm 
 
Management: Most management practices for western bean cutworm focus on using Bt 
corn and/or insecticide treatments to prevent high levels of infestation. These practices 
have worked well in the past but may not be providing as much control now. Please 
answer the following questions about your experience with western bean cutworm 
management.    Rate the degree to which you agree with the following statements:  
 
I feel confident about my knowledge of western bean cutworm management practices. 
 Very confident 
 Somewhat confident 
 Somewhat unconfident 
 Very unconfident 
 
I am confident that my current pest management practices are effective at protecting my 
corn crops against western bean cutworm. 
 Very confident 
 Somewhat confident 
 Somewhat unconfident 
 Very unconfident 
 
Bt Corn Hybrids: There are many different Bt corn hybrid products that are marketed for 
the management of western bean cutworm. The only traits that offer some control of 
western bean cutworm are Cry1F and Vip3A. Any product that offers control of western 
bean cutworm will have one or both of those traits.    
 
Do you select Bt corn hybrids that offer control of western bean cutworm? 
 Yes 
 No 
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Select all Bt corn hybrid brands you have used to prevent western bean cutworm 
infestation during the 2014-2016 growing seasons. If you have not planted any of these 
Bt corn hybrids in the 2014-2016 growing seasons do not select any of the boxes.  
 Agrisure Viptera 3110 
 Agrisure Viptera 3111 
 Agrisure 3122 E-Z Refuge 
 Agrisure Duracade 5122 E-Z Refuge 
 Agrisure Duracade 5222 E-Z Refuge 
 Herculex 1 (HX1) 
 Herculex XTRA (HXX) 
 TRIsect 
 Intrasect 
 Intrasect Leptra 
 Intrasect Xtra 
 Intrasect Xtreme 
 AcreMax TRIsect (AMT) 
 AcreMax Xtra (AMX) 
 AcreMax Xtreme (AMXT) 
 Genuity SmartStax RIB complete 
 Other (Please write answer) ____________________ 
 
What Refuge requirement do you follow for the Bt corn hybrids? (Select all that apply) 
 Refuge within field (Refuge in a bag) 
 Adjacent planted refuge 
 Refuge within 1/2 mile (not adjacent) 
 I don't plant refuge 
 I don't know 
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Have Bt corn hybrids in recent seasons (2014-2016) been providing less control against 
western bean cutworm than in seasons before 2014? 
 Yes, they are providing less control against western bean cutworm 
 No, they are providing more control against western bean cutworm 
 No, they are providing the same level of control 
 
Which Bt corn hybrids are providing less control of western bean cutworm than in the 
past? 
 
Insecticides: Insecticides can be an important tool in western bean cutworm management 
if used correctly. If appropriate scouting and insecticide application timing is used a 
western bean cutworm infestation can be quickly managed.   
 
How many years out of the last 3 growing seasons (2014-2016) have you used an 
insecticide application to target western bean cutworm 
 0 
 1 
 2 
 3 
 
Select all insecticides you have used to prevent western bean cutworm infestation during 
the 2014-2016 growing seasons. If you have not used any of these insecticides in the 
2014-2016 growing seasons do not check any of these boxes. If you use a do not use any 
of these insecticides do not select any boxes.  
 Asana XL 
 Bacillus thuringiensis 
 Baythroid XL 
 Blackhawk Naturalyte 
 Brigade 2EC 
 Capture 2EC 
 Chlorpyifos 
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 Cobalt 
 Dipel 
 Force 
 FyFanon 
 Hero 
 Hero EW 
 Intrepid 2F 
 Lorsban Advanced 
 Mustang EW 
 Mustang Maxx 
 Pounce 3.2 EC 
 Prevathon 
 Proaxis 
 Radiant SC 
 Sevin XLR Plus 
 Spinosad 
 Stallion Brand 
 Tracer 
 Triple Crown 
 Warrior 
 Other (Please write answer) ____________________ 
 
During the past three growing seasons (2014-2016), on average how many spray 
applications were done within a single season?  
 1 
 2 
 3 
 4 or more 
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Do you use the recommended economic threshold of 5-8% of corn plants infested to 
determine when to use an insecticide applications?  
 Yes, I use the recommended economic threshold of 5-8% before applying insecticides 
 No, I use an economic threshold of less than 5% before applying insecticides 
 No, I use an economic threshold of greater than 8% before applying insecticides 
 No, I use a regular spray schedule for my insecticide applications 
 
Before applying an insecticide, do you check your fields for spider mite colonies to avoid 
a secondary infestation? 
 Always 
 Usually 
 Sometimes 
 Rarely 
 Never 
 
Have insecticides in the recent seasons (2014-2016) been providing less control against 
western bean cutworm in corn than in seasons before 2014? 
 Yes, they are providing less control against western bean cutworm 
 No, they are providing more control against western bean cutworm 
 No, they are providing the same level of control 
 
Which insecticides are providing less control of western bean cutworm than in the past? 
 
Biological Control: Some insects and fungi will feed on western bean cutworm eggs and 
larvae. In some situations, control from these organisms can reduce the need for 
insecticide against western bean cutworm. Please answer the following questions about 
biological control of western bean cutworm.   
 
Select the box(es) of each of these insects that you have seen in your corn or dry bean 
fields during the 2014- 2016 growing season. If you have not seen any of these insects do 
not select any boxes.  Select all that apply.  
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 Green Lacewing 
 Green lacewing Larvae 
 Minute Pirate Bug 
 Pink Spotted Lady Beetle 
 Convergent Lady Beetle 
 
Do you use insecticides that are non-toxic to insect predators? 
 Always 
 Usually 
 Sometimes 
 Rarely 
 I don't know which insecticides are non-toxic to predators but if I did I would use 
those insecticides 
 
Dry Beans: Western bean cutworm is also a severe economic pest of dry beans. It can do 
damage to dry beans by eating the leaves and burrowing into the pod. The recommended 
surveying method for western bean cutworm in dry beans is to set up pheromone or light 
traps during early July or peak moth flight times in your area. You should check the traps 
at least every three days and count moths to determine whether your fields are at risk of 
western bean cutworm damage.    
 
Do you grow dry beans? 
 Yes 
 No 
 
Select all insecticides you have used to prevent western bean cutworm infestation in dry 
beans during the 2014-2016 growing seasons. If you have not used any of these 
insecticides in the 2014-2016 growing seasons do not check any of these boxes. If you do 
not use any of these insecticides do not select any boxes.   
 Asana XL 
 Bacillus thuringiensis 
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 Baythroid XL 
 Belt SC 
 Besiege 
 Brigade 2EC 
 Capture LFR 
 Coregen 
 Dipel 
 Intrepid 2F 
 Mustang EW 
 Mustang Maxx 
 Orthene 97 
 Proaxis 
 Radiant SC 
 Sevin 80S,  F 
 Spinosad 
 Stallion Brand 
 Tracer 
 Triple Crown 
 Warrior II 
 Other (Please write answer) ____________________ 
 
Do you use pheromone traps or light traps to determine western bean cutworm infestation 
risk in dry beans? 
 Yes 
 No 
 
How many western bean cutworm moths must you catch in your pheromone or light traps 
before you decide to treat for western bean cutworm infestation?  
 Less than 700 moths 
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 Between 701 and 1000 moths 
 More than 1000 moths 
 I do not set up pheromone traps for western bean cutworm 
 
When checking pods for feeding damage, you consider an insecticide application if what 
threshold of bean pods are damaged? 
 0-0.5% 
 0.6-1% 
 Greater than 1% 
 
Thank you for your participation in this survey. Your responses are crucial for the 
management of western bean cutworm in Nebraska. Please leave your comments, 
questions or concerns in the box below? 
 
 
